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I'i-  is  A  sora««hat  liilo  remark  tlinl  hntl  tltc  projierlics  of 
KlecUic  {'urrcHls,  and  cs|>ccUlly  of  flurtuating  rHrrcnts,  Iwcn 
discovered  liefore  the  |>heiioi)ic-na  o(  Elect lo&tA tic*,  not  only 
iffoitld  the  (leveIo|Mnent  of  EknrirnI  Siicnnr  have  be*n 
ch.ittged.  but  the  whole  of  Ihc  nui»eru:bturc  t-niploj'ed 
would  have  been  profoundly  modified,  'I'bc  ntteiilion  o 
inveuiltatOTS,  ftted  from  the  tyranny  of  act  ton -at- a -dtMa  nee 
tbeoricK,  would  have  been  rixed  quite  :iii  much  on  the 
actioiu  taking  place  in  the  xurroundtng  medium,  as  upon 
ihoHe  manifcstc<l  in  the  •'onductnre.  What  names  would 
have  been  adopted  to  specify  the  vaiious  phcnonieiia  it  h 
not  easy  In  imagine,  bill  it  i.i  almost  certain  thai  the  nonl 
"current"  nouM  not  ha^'c  been  med  al  all  in  i)ie  scn^c 
now  atiacho.1  to  it.  Inilcad.  we  should  proliably  have  Iia<l 
a  nomenclature  in  which  the  pait  ptuyed  in  elvrtrkal 
»  phenomena  by  the  nKdium  stirroitnding  tondnctors,  woidd 
■  have  been  a«  prominently  recognised  as  that  played  by  the 

conduciont  thenuclves. 
^        I'hc  following  i>age!(  are  an  aiieitipl  to  place  before  Ihe 
*>  render  the  present  jw^ition  of  Klntrical  Scienw  by  con- 

{stituiing  the  ^loup  of  phenomena  usually  refened  to  av 
"effects''  of  the  cletlrii:  anient,  tlte  central  faet*  ab<nil 
which    the    subject  te  arranged.     Certain  it  is  ihat  these 
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vi  7'iiK  Hturr/CH'  ClfK«S.vr. 

"eiTcin*"  h.^ve  licen  !>)■  fat  ilic  nwsi  fnittftil.  ir  not 
cxdusiii-cly  so,  in  llic  services  which  llw  so-called  "  Klec- 
Irkity"  lias  been  (urccd  lo  render  lu  n);inkin(t.  Mor<»>rer, 
ihcy  [iKsciii  10  the  philototiliicil  mind  iiroblcmii  which 
iransctrijd  in  inlctcsl,  ihuiigh  inscpatali)]r  connctlcd  wilh, 
ihiixc  jircMnk-cl  liy  ilw  more  mrly  disiMivercil  I'lifnumenji. 
Ncci-SK*ril)'  ihc  oU\  lumcs  havt  be«n  uwil  ihrou^oul,  for 
ihi-w  arc  now  loo  n»i<;h  ingrained  anil  fiolicd<ic<I  in  ihc 
litcminrv  of  the  uiirKc,  an  well  as  in  llx.*  |Ki[iiitar  mind, 
to  Ijc  <1ls]>Ucc(1  by  more  suildble  onc«.  Mnthcnutioil 
symttolR,  though  no)  jilMotiiicly  t.-iboocd,  hnvc  Imcd  cnv 
I>l»yi:d  ivry  s|iariii|ilyt  and  will  can*ic  no  Irotihlc  lu  tl»c 
n4tn  i-.iLithvnMtinI  icjder.  Instcjid  of  hiding  the  facts  in 
sud)  symbols,  the  attempt  is  nindc  to  give  Ihc  reader  * 
Ihoiough  Rra-i))  of  the  physical  phenomena  which  underlie 
:iik1  juMif]  llio  i<(Uiiliofi»  of  ihc  roalheRU)li(^i;iri.  Huw  fur 
the  allempl  hai  \>etn  Micoessful  olhem  muxt  judge,  twl  no 
diDlcuhy  connected  wiih  ihc  more  reitotHtilc  phenomena 
bos  been  consciously  shirked,  and  the  author  trusts  that  he 
has  uieccedcd  iu  makin};  manv  of  these  cle«r  to  ihe  average 
reader.  n>e  general  pbri  of  ihe  work  can  readily  be 
gathered  from  the  tahic  of  contenls. 

The  original  uitention  was  to  have  dealt  fully  and  in 
detail,  from  the  aliove  tnentioncfl  iminl  of  view,  with  all 
branches  of  Klcrttiral  S<:icnce,  but  considcmlinns  of  space, 
and  llh:  fear  of  cxhauUinK  Ihc  pciticn4:e  of  the  reader,  hv 
com|>(.-lk-d  llie  author  most  reluctantly  tu  curUiiJ  his 
seriously.  'I  o  take  one  inslanre  only  it  was  intcndei 
connection  vriih  eleclroslatic  me.isuiiug  iiutninients' 
deal  fully  with  the  it»h)cct  of  Electroi'talicK  and  dn 
strains  in  the  medium-     Room,  however,  could  only 
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fo<ii«l  tor  a  very  IirJcf  dTScussfun.  Then  agnin,  "Elecuic 
Waves."  whiilj  were  to  have  constitute:)  nn  iii)puriant 
s<.-ci»<>n,  hnvc  h.id  to  bir  Ii<ralril  very  tmcHy.  Nimicroiis 
other  inManccs  of  curtailment  cuiiIU  ))C  |iointciI  oui,  hiii  itie 
.lUlhof  tntxi*  thai  in  the  750  poftei  here  presented  there 
tiill  temains  3  very  fiitl,  and  in  iiuny  diicctiuns  a  very 
<k-i-iik-cl,  3)rcoiinl  of  ihe  leading;  phcitoiiiciin  of  Rleclrinly 
and  their  modern  apiiJioalionK.  He  nmy  alto  perhaps 
hope  lh.1I,  should  thi^  nlteni))t  be  favourably  received,  he 
nuy  ttc  I'eniiittcd  xi  aonic  funire  time  to  comi>leie  hi:t 
uri^inal  plan. 

In  tlliistrating  the  historieal  sections,  recourse  ha&  been 
had.  wherever  fcaublc,  to  the  original  diagrams  of  inves- 
lig^alors,  as  being  far  more  inlercMing  than  drawings  <>( 
improved  modem  apparatus  developed  ihercftont.  In 
particitbi  the  researehes  of  Gilben,  Vnha,  Coidomb, 
Faraday,  and  others  have  been  so  Uid  under  contribution. 
But  in  respect  of  the  modern  portion  of  the  science,  it  is 
my  plw-iing  duly  sratefidly  to  acknowledge  the  assi« 
ancc  which  I  have  received  iti  illustrating  the  text  from 
numerous  friends  and  elertrical  firms;  more  especially 
in  the  *eelion^  devoted  to  "  Secondary  Batteries,"  "  1  )yna- 
tnos,"  '■  Measuring  InslmmentV  and  the  "  Applications  of 
the  Electric  Current "  am  I  indebted  to  this  help  (or 
examples  of  the  most  modern  apparatus  and  appliance*.  A 
full  list  of  all  these  obligations  would  be  tedious  and 
perhaps  uninteresting  w>  the  reader.  In  most  cases  the 
names  of  Uiose  whom  I  have  to  thank  for  the  uie  of 
illusirationH  art-  mentioned  in  iminedi:ii(r  connection  there- 
with, and  pcrluips  they  will  kindly  accept  this  tJicit 
acknowledgment  of  the  obligation.     Bui  a  more  perMtnal 
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"cfTvdi"   have  been   Uy    Ut    iht    in»st    liuiKul,    If  iti 
vxritisively  mi,  in  ilw  sert-icvs  tthich  the  wrjllcd  "  Rli 
iridly  "  lus  iKnt  (uFcnl  to  render  to  iiunkind.     Murcoi' 
they  (trtrsciit  tu  ihi*  |>liilo80|>hicdl  mind  |>r<>l>lt;nii  wltit 
lninHi:cfj(l  in  inlcrwt,  llwugh  in!ii:|inrAl>ly  ronncctcd  «iilt^^ 
ihoKC  (ireKnli'd  l>y  ihr  mure  varly  diMTovcml  |il»ciiom«ni^| 
Nci"cssiril)'  tlvc  ol<l  iijidcs  Have  Iwcn  U!i«)  thmtighotii,  for 
Ihctc  arc  now  too  [iiu«'li  jnt;ratnal  antJ  fmU-dtlcd  in  d 
Utemturc  of  ihe  iicitnce,  as  welt  as  in  llic  ]M»)>ubr  initi< 
to    lie  (tisi>l3rc<l    liy  nxirv    nu'talilu  onca.     M.-itht-inalk 
ftynibolH,  ttmu^li  not    ilnututcly  luliooctl,  liavc    bvcn    cn^ 
|>lo>'C4l   vcf)'   »iaritig1y,   und  will  cauM:  no  IkhiMc  to  ihc 
non  mathcouttcal  reader.     Instead  of  hidin){  Ihe  fut^ts  in 
sulIi  aymbots  tlic  allcm|il  is  made  \u  give  the  reader  n 
ihofiiugh  i;niiN|i  ol  llu-  plipical   {ilK-noincna  which  tintlcilic 
and  justify  Ihc  c(|<utinns  of  Uk  mMhemaiician.     Mow  (at 
Ihc  iillcnijit  h.-ii  Iwcn  successful  otlHfs  mint  judge,  but  iiw 
dilliculiy  connected  with  the  more  recondite  iphenomcni ' 
has  been  consciouily  shirked,  and  the  aulhor  trusis  ihai  hi 
has  sucfcvdcd  in  making  manv  of  these  tlc^r  lo  theavcmg 
reader.      I'he  i{cneral  plan  of  ihc  work  can    rcndily   b 
gaihcTcd  fmiw  ihe  tabic  o(  conienK 

Ilic  origiiul  intention  was  to  have  dealt  Tally  and  in 
iktail,   fiom  ihc  above  nn-niioneJ  (loint  of  ?icw,  with  aJ 
bntiKhes  of  lile<liicnl  Sinciict,  Imi  roitUderoiionf  of  s(W 
and  Ihc  fcar  of  cxhAUsdn);  the  patience  of  the  reader,  hi 
com)K-llc<)  lliL-  author  ino^i  rducianily  to  curi.-iil  hi:i  )i! 
seriously.     To  take  one  insUiirc  only  :  il  was  iuiunrlcil 
connection    witii    elect  ruslatir    measurirqi    insiniments 
deal  fully  with  Ihc  subject  <>f  ElcciroMatict  and   elcci 
strains  in  (be  ntcfltun),    R 
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ftwrul  fi«  %  xrrf  Iwief  discussiun.     Then  aRnln,  "KlfMtli- 

\\  •bi'-h  ■«»  lo  have    conntiluicd    nn   lH)|)»Hani 

■n,   have  haal  lu  Ik-  Irr.iU-d  viry  lirioltf,     NtiitMnoili 

'tnmorcurtnilnwni  i-oiiltl  l>c  |i(iinl(il  Oltl,  tiiil  tltd 

:ij»  ilut  in  the  750  iMRfi  hcic  prc«frih-il  llMiie 
•tiU  fcfTUin*  a  rery  full,  and  in  many  dircr||(m>  i  wrjp 
druiWd.  acfount  of  the  Icidini;  |ihc-n(>iiicnii  o(  lUfclrlaily 
and  ihetr  modrtn  n|>|>lic;iliiin.i.  \U-  may  n\v  |ii'itiii|i* 
hope  Ilut,  shtKtUI  tliiK  attcni|il  lie  bvuuMltly  rccrlvoli  do 
nuv  liv  ifcniiiitcd  ai  snmc  fiilarc  tlini-  in  n(ni|ilHc  hi* 
utijCliui]  |>bn. 

In  illuttraiing  ihc  )ii«ia(i<rul  itcdiMnt,  ternuriH)  Uim  bnn 
had.  where^'vr  fexiilik',  lo  (lie  ortKlul  diii|thiiita  of  In^'ct' 
tiKaioTS,  as  Uing  far  m«c  inliiruiiiK  llinii  drawlttut  til 
iiMiirovcd  modcni  apparaius  ikvdluiicd  (lu'rcl'iom.  In 
particular  lh«  researches  nf  (iillicrt,  Vnlin,  I'ttiiloitih, 
Faraday,  and  othvr*  have  tictn  so  Uid  undnr  •'oniiihiitiiin. 
Hut  in  icipcct  of  ihc  modern  [lOkiiiuti  of  ihc  hcIciki',  it  It 
my  pteaxinK  duty  tti^tefully  to  acknonkdgc  the  auiM- 
anre  which  1  hnve  rcfcivrd  in  ilhiHlratin^  the  text  fimn 
numerous  fiicnds  and  vlcclrical  rinni ;  more  ci>pc«:i;illy 
in  the  sectioru  devoted  to  "  Secondat)'  ItnllcTieB,'' "  Dyna- 
roos, "  "  Measuring  Instruments,"  anil  the  "  Application*  of 
the  Klectfie  Current "  am  I  indi-blcd  to  this  Iielj*  for 
cxain]>ln  of  (he  most  modem  apparatus  and  appliances.  A 
foil  list  of  all  these  obligation*  would  be  tedious  and 
pcibaps  un  ill  If  resting  lo  the  reader.  In  must  cases  the 
namc^  of  those  whom  I  Kavc  lo  thank  for  the  use  of 
illuNiraiions  are  mentioned  in  immcdiale  connection  there- 
vrEtb,  and  perhaps  ihey  will  kindly  aicept  tliin  tacit 
Rc)cnowlcd|ment  of  the  ohligation.     But  a  more  jier-tiinil 
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THE    1-Ll'CTRIC  CURRENT: 

How  Produced  and  Mow  Used. 


PRODUCTION    OF  THE   ELECTRIC   CURRENT, 


CHAPTF.R  I. 

INTRODUCTION. 

ThrouchoI't  all  agi-n  the  grandour  of  the  thunderstorm  has 
excited  the  admiration,  and  tiricniimei  aroused  the  ft-ars  and 
supentiiions  of  mankind,  but  it  was  not  until  a.  coiii|ura- 
tivcly  rcctnt  date  (.ti».  175*)  thai  Iknjamin  I'ranVlin  wpe- 
rimemallysliowpv-dibecoiincclion  liclwtcn  the  lightning  tiash 
and  an  i;)c<:lri<..il  fX|i;:Tini£nt  niadt;  nuuly  1,400  yean  jitc- 
viously  by  an  tinknown  philosoiiher.  Thalcs  of  Miletus 
(b.c.  600)  is  said  to  have  described  the  pro|>cny  of  attract- 
ing light  bodiex  whi<;h  a  piw-c  of  ainbet  actjuircs  when 
rubbed.  For  many  centuries  after  Thales,  nothing  was  done 
10  investigate  the  cause  of  the  attraction  exercised  t>)'  the 
rubbg<i  amber,  though  a  few  observations  hearing  on  the 
aanie  Mil)]eu  were  muilc  and  tei^orded.  Tbi-  Hint  man  uho 
systematic  all)  repeated  the  ol«ci^atioiis  of  the  ancients,  and 
by  greatly  extending  them  became  the  founder  of  .1  new 
■ctence,  n-a.1  (iill>en  of  Colchester,  who  in  1600  |>ublixhed 
a  book  in  which  Ivc  showed  that  the  proiKTty  possessed  by 
the  nibbed  amber  nas  also  disj}la)xd  by  a  vast  number  of 
other  bodies      Not  only  did  Citllwrt  thus   become   tlic 
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founder  of  the  science  of  Electricity,  but  he  also  gave  the 
name  to  the  science,  for  he  it  was  who  first  used  the  term 
"  electric,"  which  he  derived  frona  the  Greek  name  (iiKiKr^tiv) 
far  anther. 

A  different  class  of  ancient  observations,  which  previously 
to  (jilbert  had  not  been  quite  so  barren  of  practical  applica- 
tion, was  that  in  which  the  earliest  recorded  fact  was  the 
attraction  which  the  lodestone  exerted  on  iron.  It  is  doubt- 
ful whether  the  word  magnet  is  due  to  the  lodestone  being 
first  found  by  a  shepherd  named  Magnes,  as  mentioned  by 
Pliny,  or  lo  the  circumstance  that  these  black  stones  were 
first  found  near  a  town  called  Magnesia.  Not  only  was  it 
known  in  these  ancient  times  that  the  lodestone  attracted 
and  sometimes  repelled  iron,  but  also  that  it  could  com- 
municate this  property  to  iron  itself,  or,  as  we  now  say,  it 
could  magnetise  iron.  The  Chinese  are  supposed  to  have 
known,  as  early  as  a.d.  120,  that  a  magnetised  iron  needle, 
when  properly  suspended,  points  approximately  north  and 
south,  and  the  mariner's  compass  appears  lo  have  been 
used  as  early  as  the  twelfth  century,  if  not  earlier.  'I'he 
"  dip  "  of  the  needle  was  discovered  in  1544  by  Hartniann, 
and  independently  in  1576  by  Norman,  who  made  several 
ingenious  magnetic  experimenls.  Then  we  reach  Gilbert, 
who  in  the  work  already  mentioned  much  extended  our 
knowledge  of  magnetic  phenomena  also,  by  numerous 
observations  which  wc  shall  describe  in  the  proper  place. 

From  the  lime  of  Gilbert  onwards  the  sciences  of 
Electricity  and  Magnetism  progressed  slowly  but  surely 
along  .separate  lines,  and  it  was  not  until  the  present 
century  that  the  long-sought- for  link  connecting  them  was 
found  by  the  discovery  of  Oersted  in  1820  that  an  electric 
current  was  able  to  Influence  a  magnetic  needle.  J'he 
discovery  of  Oersted  was  followed  by  the  brilliant  investiga- 
tions of  Amptre  and  Faraday,  and  these,  together  with  the 
results  of  the  labours  of  a  host  of  other  workers  in  the  same 
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Ifield,  n(>idl)>  L-xK-ndcd  our  knowledge  oT  ihu  pruiicnics  of 
ihc  L-lc<inc  cutrciU  and  ihc  means  Uy  whkli  il  cotiM  be 
|>ru(lu('ud.  ThcsL'  iiropcrUts  li.ive  jMOwd  to  !Mlii|ititM:  to 
lite  8ervi<:e  of  man  ihal  Ihcy  have  been  seiicd  upon  by 
numerous  inventors,  who,  hand-io-hand  with  pure  scientists, 
have  so  cflectually  laboured  at  ihcir  laslc  that  lu-day  the 
electric  current  iiromise.t  shoiity  to  beconw  the  inoM  useful, 
ax  it  ceiiainly  ii  the  most  wonderful,  of  the  servants  of 
mankind,  h  has  already  ptufoundty  modified  the  social 
rclalions  of  modern  civilised  life  by  ^ivtn^  iis  the  elcciiic 
tel(^rA]>h,  yf\w'h  enabk-K  the  merchant  to  kvq)  bi>>  h;ind 
U|>on  the  [>iil.ie  of  Iht;  wotld's  markets,  makes  it  |>i»iJb]e  for 
t)ie  Iravelk'f  to  be  whirk-i!  along  safely  at  the  rate  of  seventy 
miles  an  hour,  puts  Ihc  jotirn.ilist  of  I-'lecl  Street  in  touch 
nilh  the  f.itthesi  comeni  of  llie  eaiiti,  b>inj;s  the  dijilomatists 
of  atl  civilised  countries  into  one  vast  prcM:nt:e  chaiiil>eT, 
and,  in  various  other  directions  too  numerous  to  summAiisc, 
afFccis  directly  or  indirectly  the  life  of  c\cry  citizen  of 
every  country  into  which  il  has  [)enclrAie<I,  ;ind  m.ikes  its 
inllucnirt:  felt  eveii  in  countries  in  whiili  it  is  as  yet 
unknun-n.  In  a  minor  way  the  electric  current  is  changing 
our  environment,  by  providing  us  with  a  brilliant  and  pure' 
:iililicial  light  for  our  houses  and  slm-l.f,  and  is  mulliplyioijJ 
our  artistic  Kurruuii^in^s  li>'  means  of  the  iirucesses  of! 
dectroi>lating  and  eleciroiyping. 

But  a  social  revolution  even  greater  than  that  produced 
by  the  electric  ielegrii['h  i>  now  looming  in  the  immediate 
future,  in  the  t^viibililiei  underlying  Uic  electric  tr.-uis- 
iniskion  of  nic*  hanic-.tl  |>ower  to  a  distance  from  the  source 
where  it  is  generated,  and  the  distribution  of  large  ipuntiiics 
of  energy  .imi>ng*t  a  numlx-r  of  snull  consumers.  What 
tbc5e  iKM-%ibililies  arc,  lias  l>ccn  well  described  by  one  of 
f'our  leidii^  stalet-men,  who  naturally  reigards  the  question 
dbpassioiiaiely  from  a  statesman's  sumdpoint,  and  without 
the  cnihusiasm  of  the  scientist  or  the  inventor.     \Vt  \\n\\^, 
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\\i'f\U,if,  (hat  wc  r^nnot  do  better  than  place  liu  «^w3 
Ij'lorr  (jiir  rcjiil'ifi  in  his  own  words-     He  sms  :— 

'  I  i\'i  not  ili:S|i;iir  of  the  results  ihit  this  distribution  of 
{■•ur  jii..y  s'arnT  those  aggregations  of  hutnanity  which,  I 
tijitik,  ir  i'-.  not  onu  of  the  highest  merits  of  the  discovery  of 
\\f  ,!■  ,iTii  ir\-^\nt  ti>  have  i>ro(iuce<l.  If  ever  it  shall  happen 
ti.ii  in  ihi;  lioii^c  (if  the  artisan  you  can  turn  OQ  power  as 
[]'.«  )'ji]  '^n  turn  on  gas  (and  there  is  nothing  in  the 
I',  jit-K  <••  tlic  |>r'>Mcm,  there  U  nothing  in  the  facts  of  the 
.'i'li":  ;ii  v-c  kr.'j*  them  that  shall  present  such  a  con- 
,iTii;];;itiiin  from  taking  [ilace,  that  distribution  of  power 
-■■,■;  :;•!  I;t  so  organiitdj,  you  will  then  sec  men  and  women 
-  ■'/  nufiue  in  their  own  houses  many  industries  which 
'•■*  r-  '^irt  'h^  aggregation  of  the  factory.  You  may, 
...  -  ■  its  «0CQcn  and  children  pursue  those  industries 
""'  "  "  .-,..  ciir.;''-'^o"  of  the  family  which  is  one  of  the 
"'_.',..._.  ;i;,-;:i  of  the  present  requirements  of  the 
'--■  :'■  ever  that  result  shall  come  from  the 
-'■-'■  ■■  "^^jL-,;!..^  .ind  Faraday,  you  may  say  that  they 
--~      ';    ~'  "  .-..j^  niercly  add  to  the  physical  force  of 

'■'-'■\  ''-':'  V.'.i^.  v.^^c  done  much  to  sustain  ihui  unity, 
:....  ^  ■■■  '■■'■_.  ...^^,  ijiiiily  upon  which  rest  the  mora! 
■  ■  "■    ■■■■'.'^'■■'     '(.Vaiid  the  strength  of  the  community  to 
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or  the   "Electric  Current;"  and  it  is  scldoni  (and   then 
chtcA)'  for  purposes  of  moanttrcmenl)  thai  the  propcttics  of 
eleciririry  al  tc«  are  pr.wiic.il I j-  tiiilUed.     [n  fact,  our  chief 
concern   will  not  Ik   with   that  depanmenl  oi*  electricity 
irUicIi  deal*  with  iiiih-haUs,  I-cydcn  jars,  proof  pUnes,  (tlaj*- 
pLttc  machines,  and  m  foith,  and  which  has  been  a  source 
of  wonder   and   delight   to  generaiionH.     Though  ttill  of 
great  philosophical  ini]>ortance  in  all  inquiries  concerning 
the   ultimate    causes    of   electrical    phenomena    and    the 
nature  of  electricity  iiscir.  and  though    it  wn?  the  c.irlicsi  to 
Ik*  submitted  Ui  strict  scientific  invent  it;  it  ion,  ihis  part  of  the 
xdencc  rotwt  now  yield  the  first  place  to  iw  m<wc  rigorous 
offi([iring.     H'e  hy  no  means  inlciid  lo  ignore  the  jcience  of 
Electrostatics,  or  Electricity  at  n.-st,  which  will  he  hricAy  con- 
sidered in  due  cotirsc ;  but  we  wish  lo  emphasise  thro»igh<Mit, 
that  it  is  the  £/uOi(  Ctrrrnt,  and  the  [ihcnomena  directly 
connected  with  it,  that  luve  railed  R.leclridty  to  the  proud 
position  of  t>eiiif;  one   of  (he  most  ]>olent  factors  in  tli« 
evcTj-day  life  of  civilised  rwiions,  and,  .isfaras  wecin  forciell, 
in  the  future  development  of  the  human  race:     \Vc  shall, 
therefore,  deal  with  the  subject  ehielly  from  the  sLindpoint 
of  the  phenomena  of  currents ;  and  in  thU  way  we  hope 
lo  place  within  the  rc^ch  of  oor  reader*  a  knowledge  of 
the    most    recent    di«:o»-erics    and    present  stale  of  the 
science  of  Electricity. 

timeye  »lwll  endeavour,  wherever  powiWe, 

"ge  in  a  quaniilali»x-  form,  so  lliat 

make  lite  absurd  and  liidicnMis 

of  electrical  quantities  which  are 

those  wJio«r  <Liily  occupation 

ir.ii.  conlaci  with  clcclrical 
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itgh  a  diamond  on  the  large 
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lliousdUcU  of  miles :  nml  yet  tnSiiLiku  of  even  gimtcr  mngni- 
luct<;  ili.m  thCiL'  atc  Still  daily  niadc  wiili  Tcg^rd  to  electrical 
i|tuintitics  by  those  ulio  should  know  better,  fcrlups  now 
lh:ii  L'lc4:lricji)  conductors  nre  iK-ing  hid  in  nil  the  |inn<:i|>iil 
I1.11I1  of  our  large  ritit'\,  .ind  a  Miiiply  of  electrictl  energy  I3 
being  placed  at  ihe  disposal  of  thousands  of  liouschQldcr;, 
tlicsc  mistakes  will  tend  to  disappear.  At  any  riite,  it  will 
be  one  of  our  aims  (o  guard  our  Tenders  against  (hem,  and 
to  faRiili.irtM:  them  at  far  .is  ptwsilile  ujih  the  eletiritsil 
m.^gniludvK  wilK  nliich  ihcy  may  have  to  deal. 

Siill,  we  niiiiit  not  forget  to  do  honour  to  those  men 
whose  labours  have  hcljicd  lo  l>ring  the  science  to  the 
potition  in  which  ii  «ands  lo-d.-»y ;  and  we  propose.  iherC' 
fore,  to  i-ommenci*  with  a  brief  hititorica)  Akeich,  te5«rving 
fuller  historical  details  for  those  dilTerent  parts  of  the 
subject  to  which  they  more  intimately  refer.  Some  parti  of 
thU  hixtoricil  sl:ctch  may  not  be  at  once  undenitood  by  ihc 
reader  who  has  no  aciguainlance  with  cleclrkal  phenomena ; 
but  it  «ill  be  convenient  to  collect  them  here,  where  ihcy 
4:an  l>c  easily  referred  to  as  the  other  |>atts  of  Ihe  bo<^ 
are  being  read. 

Historical. 

OUbert  — 'I'nc  grest  work  in  which  William  Gilbert 
of  Colchester  described  his  ciioch-m^king  clerlrir  and 
RUgnclte  experiments  is  entilteil  Pf  AfagitfU  Afagnt/ui'i- 
que  C<'r/>i>nlms  et  i/e  Mii^no  Mi>x'it/e  Tellure  Phyii^egia 
Mn>a,  and' was  pubtiihed  in  ■t>oo.  As  was  the  fashion  of 
those  d.iys.  il  was  wrillcn  in  I.atin,  which  w.is  then  ihc 
littjiua  (ranea  of  srientitic  men  and  of  edtobrs  ihiwighout 
Kuriijie.  Ihe  Gilbeit  Cliih  ha-t  rer<;nily  had  thtH  impotlant 
liook  IransUtcd  into  Rii;;1ikh,  so  that  it  is  now  aecc^ible  to 
our  readers  in  their  own  longtic. 

(iilbert's  fireal  smcesa  w.is  due  to  his  abandoning  the 
n)e'>hl)d^  iif  llir  oUI  M:li<K>lmcn,  and  fiillo'^in^  thu-.e  niethi>d.s 
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whitrli  hnvc  imde  inod«m  tcknce  what  b  is,  and  whkl) 
were  Ant  clearly  enunciated  iit  tlie  Nffpum  Orgnniim  in  1610 
by  l.or<i  liucoit ;  wiiK  wiion)  f.ilSeri,  *a  ph)-<iician  lo  Qticcn 
I^lii.itictli,  muat  have  Wcii  brouglil  into  inlinutc  contact. 
The  older  srholastic  method  consisted  in  making  jill  kindti 
of  rancifiil  ))yi>othcsc-s  nliout  n.itiiml  |)h<monien.i,  h\\\  ih»e 
hyfKilh«!iC3  were  never  tested  by  exjieciinent,  uhich,  indeed, 
was  held  to  be  unworthy  of  ihe  attention  of  a  true  pbiloiM}- 
|)hvr.  [[  is  only  in  the  iiunihii)^  influence  of  thiii  .-il>surd 
cjntcm  thai  we  can  OKcrilie  the  long  scientific  lelha^y 
wliirh  luralysed  even  the  actiteiit  thinkers  of  ancient  Cireccc 
and  Rome.  Bacon  dt-alt  tliiv  system  its  death-blow,  and 
contcin|>orancously  (iilbert  si'.ovred  to  the  world,  as  the 
rcxuli  (if  his  own  work  in  following  a  more  eonimon-sciise 
syKicm,  a  ffieaier  amount  of  oeientinc  fruit  than  had  lM;en 
gathered  under  lis  rival  during  over  twq,  thotisaiKl  years. 

In  Magnetism,  (jilbeti  enrirhed  the  science  with  so  nvaiiy 
new  ideas  and  e>ii>crin)ents  that  tie  shall  find  it  inoic 
convenient  to  refer  to  them  when  we  arc  dealing:  with  the 
subject  of  magnetism.  In  Electricity,  he  repeated  and 
extended  the  observations  of  the  ancients,  and  found  thai 
the  properly  of  aiiraciing  light  bodies  was  not  conlincd  to 
rabbet)  amber,  but  that  numerous  other  bodies  when  rubt>ed 
possessed  the  same  properly.  Thus  several  prccions  stones 
{diamond,  sapphire,  carbuncle,  opal,  etc.),  rock-crystal, 
glass,  sulphur,  guni-nta.'itie,  lai-,  sealing-mix,  hard  resii), 
ATsenic,  nx-ksalt,  mica,  and  alinn,  tiehaved  like  amber. 
Thesie  Gilben  called  "  electrics-"  But  Ik  was  unable  lo 
fin<i  that  the  following  Iwdics  were  excited  by  friction, 
viz.  1 — cmeT:dd,  agate,  rarnetian,  pearls,  jasp;r,  chalcedony, 
alabaster,  por]>hyry,  coral,  marble,  l.ydiait  stone,  flints, 
hjcmatilcs.  corundum,  bones,  'wojy,  hard  wood*,  meuls, 
and  Io<tcslone^  N'oi  only  were  straws  and  ligiit  rilma 
attracted  by  clecirified  bodies,  but  also  metals,  Moni-s,  e.inli, 
vooil    leaves,  thick  smoke,  and  all  solid  and  Huid  tiotlies ; 
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tilux  lliuc  .iiintctions  difTvrvil  from  that  of  the  todcsionc, 
Mhicli  Ji|)|)ean.'d  to  tie  confiiivd  to  iron  alone,  (iilhen  nltto 
ohsciTwl  tliat  the  {>rodiK-iion  of  cleoirir  )iropcTlies  is  affected 
by  tttc  stale  of  the  .-iimonjihcre,  dryness  ln-inn  Envaiii.iMe 
.ind  moiKture  iinrtvciurable,  xaA  that  hot  or  buraiiig  liodiw 
I<wi  all  lm(t's  <if  tlii'M"  |tr«])(;rties. 

Boyle  and  OuerJcke  Koheit  Itofle,  ihc  inventor  of 
the  air  |iiiTi)p  atvl  the  discoverer  of  t))c  well-known  Boylc*s 
Yaw  in  i>hy.sics  and  Olto  von  (iticricke  of  Magdehiirg, 
ronteinporjncpusly.  abont  the  middle  of  ihc  sevenieenth 
ecnlury,  cnrirlicil  the  scienee  with  new  facts.  The  fnnner 
very  much  extended  the  list  of  known  electrics,  and  the 
latter  diw:ovcrcd  tlui  light  and  sound  were  produced  by 
strong  eJectrificaiion,  (iuericke  was  also  the  first  tn  oliMrvc 
the  electrical  rcimlsion  of  a  lijfbt  body  which  had  touched 
an  excited  electric,  and  ifi.-d  a  light  body  suspended  near  an 
clectntiud  body,  but  without  touching  it,  exhibited  electrical 
pro|>eriieK.  In  tooki  of  his  experiioenls  he  iikkI  as  hi* 
soiiice  of  ele<:tricity  a  Iwll  of  sulphur  mounted  on  a  spindle, 
the  hand  being  employed  as  a  rubber. 

Newton  and  Hawksbee.— Sir  liiaac  Newton  and 
Hawk&'.x:e,  al>oui  tht  cud  of  the  sevenieent})  ar>d  beginning 
of  the  eighteenlh  century,  enriched  the  science  with  several 
new  and  inijM>nant  obser\aiions.  The  former  was  the  fir« 
to  stib^lilutc  a  Klast  Kloln-,  still  rubbed  by  the  hand,  lor  l)ic 
Ruljihur  ball  employed  by  Gueiicke. 

Gray. — A  considerahle  advan<-e  wa.*  made  by  Ste|»hen 
Gi.ty,  a  I'cUow  of  the  Royal  Society,  by  his  discovery,  in 
1729,  ih-it  ccilain  l>odics  were  capable  of  conveying  (or  as 
wc  now  say  ooi^u^tiHg)  elcctTiciiy  from  one  body  to  another. 
He  tint  used  a  glass  lube  ctoMd  at  the  ends  with  corks ; 
into  one  of  ihcie  corks  he  fixed  a  fir  rod,  and  at  the  end  of 
the  rod  an  ivory  ball.  On  rubbing  the  gbiiis  he  found  that 
Ihe  bill  attracted  light  bodies  as  vijforoinly  n.i  the  glass 
itself     He  atlered  tliv  kngtli  of  the  rod,  and  also  used  a 


HmoBKAt.  Notes. 


(nckthrcad  hiinittnit  down  from  ihc  upper  slorcy  of  hU 
honw.  bill  always  olnaincd  ihc  i^anic  results.  Bui  he  failed 
lo  tarry  llic  clcctririly  horiJionMlly  along  his  park  thread, 
unlil,  at  tli«  Mi^^csiion  uf  liix  friuml  Whcokr.  lit-  suspended 
■he  iMclcihrt-ad  hy  tiilk  strings,  wlicn  he  was  able  to  convc>' 
the  cleclrkil)  .1  dkt.incc  of  SSfi  feet,  and  to  oblniti  att  tli« 
UMiul  cITtvts  al  tluil  <lij.l-it«:c  frimi  the  exciltd  eleilrie.  Mo 
.-iIho  fount!  that  the  liuman  bo<ly  am)  HiiifUi  wrere  conductors. 
I'rcviouily  to  his  discovery-  of  cnndnciivtty  (Iray  had  ex- 
tended ihc  Ii.'»l  iif  Itoilk's  which  could  be  clerlrically  citritwl 
by  frit  lion. 

0a  Fay. — CoDtcmporancously  with  Ctay,  C.  F.  C, 
l>u  Fay.  of  the  Academy  of  Sciences,  was  workiiij;  in  France 
At  the  same  subject.  Dining  the  jxars  1733-173*)  he  dis- 
covered the  iiiiulatiiig  properties  of  glass,  and  rt'i>eatc<t  and 
confirmed  Gray's  cvpciimcnts ;  by  using  wetted  packthread, 
which  he  foun<l  to  conduct  more  e.-itily,  he  transmitted 
eleclncity  alon^  a  tiring  1,256  feet  lon^-.  Rut  Dii  Fay's 
greatest  discover)'  was  that  there  were  two  kinds  of  elec- 
tricity, which  he  named  respc<:tively  vilrtaus  an<l  resincus 
elearicity,  because  he  found  the  former  was  produced  by 
nibbing  vitreous  bodies,  such  as  glass,  and  the  latter  \xy 
nibbing  rf  irons  Iwdies,  such  .as  aml)CT,  cojmiI,  gum.  lac,  etc. 
Wool,  animal  hair,  rock-cijswJ,  an<!  preeioti.s  ntones,  gave 
utrcous  electricity,  whereas  silk,  paper,  thread,  and  many 
other  bodies  gave  rcsinotis  electricity.  The  fundanienlal 
dintinrlion  wat  iJiat  Imdii-s  elcrtiiliei!  widi  vitreous  clc<^ 
iricity  rejicHcd  one  another,  bm  aitiacted  hodies  clcciniicd 
with  resinous  electricity,  the  latter  bcinj<  also  rc|K'lleiit  (o 
one  another.  Thus  two  electrified  silk  threads  repel  one 
another,  but  each  will  attract  an  clectriBed  woollen  thre-id, 
whiTca*  two  electrified  woollen  threads  will  repel  one 
another,  fiy  means  of  an  electrifietl  silk  thread  it  was 
therefore  possible  to  distinguish  whether  an  excited  liody 
was  charged   with  vitreous  or  resinous  electricity.     If  it 
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aumcled  the  silk  thread,  it  would  be  charged  with  vitreous 
ckctticity ;  if  it  rciwlkd  it  it  would  be  chnrgcd  wiOi 
rettnous  electricity. 

About  tim  time  (1740-1762)  mucli  atienlton  wns  paid 
10  the  improvement  of  nmchines  for  iirodiidn^  eleanTim- 
tion  by  friction,  and  various  succcssftd  modifications  were 
Gui^stcd  by  different  Continvntal  {iliilosophcrs.  Bow,  of 
Wittenberg,  added  the  prime  tnndurtor;  (iordon,  of 
Erfuri,  A  Scol'li  monk,  .itilj&tttultd  a  gl.iM  cylinder  fur 
Newton's  kIau  lull ;  Winkler,  of  ].cip/t}t,  replaeetl  tbe  hand 
a%  a  nd>ber  by  «  much  more  convenient  cushion  ;  Itenjamin 
Wilson  (1746)  added  the  ]>oint  collector;  and  Canton 
(176s)  im|>rove4t  the  rubber  by  snieiriny  it  wtlli  an  amulgain 
of  tin.  I'l.int.1  is  suj^tosed  10  )>c  ihe  Ilt!>(  wlio  substituted  a 
plate  of  glass  for  Gordon's  cyliivdcr. 

Morriwn— The  first  recorded  prarli«Ml  cii'plinttion  of  ' 
lUe  f<iir,L;ii:it>;  discoveries    nas  made  in    );45  liy  ('Italics 
Morrison,  of  Greenock,  wlio  devised  and  constructed  an 
elcclrir    lelcgrajih,    which    we    shall     describe    later    on 
(/«  page  563). 

The  Leyden  Jar  -In  the  year  1745  a  means  of 
nccumu lifting  and  sioring  up  large  qu.mtitics  of  clcctrkity 
was  independently  discovered  by  Dean  Kk-»t  atvd  b)' 
Cuneus  and  Pictcr  van  Muschenhroeck  of  I-e)'den.  Rli^st 
nindc  iIk'  di^rover)-  by  acddent.  He  hap|K'ncd  to  brinj; 
a  raedii-ine  bottle,  in  the  neck  of  which  there  was  an  iron 
nail,  close  to  his  electrical  machine  so  that  the  nail  touched 
the  |)Hnie  conductor.  On  uiihdmwiitg  the  hoitlc  held  in 
one  hand  from  the  machine,  and  lou<:hin{:  the  iron  nail 
with  Ihe  other,  he  received  a  violent  shod:. 

Muschenhroeck  was  led  to  hisdiscovcrj-  whilst  cndeavour- 
iri^t  to  find  some  means  of  preventing  electric  charges  being 
disU|>ated.  He  thouKhl  that  if  he  itirroiinded  hix  charge 
by  a  good  non<conductur,  such  3.«  ^la^.i,  he  woukl  attain  htti 
object.     He  tbcrcfcte  placed  mxih'  water  in  n  ^l.^is  t>ollle 
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•ind  cnnncctcil  it  by  a  wire  to  the  prime  coniliiLior  of  his 
elecirtcil  machine.  On  tinning  ihc  machine  the  wnlcr  n-as 
duly  clccttilii-il.  Cuneiis,  who  wns  holding  ihc  boUl«,  then 
«)icmi>lnl  l(>  diivitK^^^  <hc  conduciinK  wire  from  the 
machine,  when  he  received  a  vioknl  shnck  whidi  tauscd 
hiin  t»  drop  ihc  bottle.  'I'lx  cxpciiinents  wcie  mentioned 
to  Rollet,  who  introduced  the  tcmj  "  Lcyden  Jar,"  and  the 
new  ai>|>.iiatn«  was  rjjitdt)-  petferittl.  re<:civing  its  present 
form  of  11  |;tr  ranted  inside  and  (iiilsidc  willi  linfoil  nl  the 
hand«  of  Sir  William  Watsuii. 

Franklin. —One  of  the  grcHesl  names  in  the  develop- 
ment of  ek'<'trical  science  is  tlint  of  Di.  Itcnjamin  Kianklin 
')f  Philadelphia  (A  1706,  if.  i7<jo).  Hi*  lini  l.itiours  wen: 
directed  to  the  elucidaiiim  of  the  theory  of  positive  and 
negative  eleclricity  lirst  )iro;)ounded  by  Sir  William  U'alson, 
wlto  gave  the  name  of  fit'siliir  to  the  !ia-ealte<l  Htntfut 
electricity,  anil  atj^alixt  to  the  so  eatlc<i  r^iwus  eleclricity 
of  his  picdecessoTS.  Franklin  asserted  that  electricity  is  not 
created  by  friction,  btit  is  only  transferred  from  one  body  10 
another  'I1m«,  a  body  whi<:h  bKHomct /vii/iee/y  electrified 
Rcci\'cs  its  cbaigc  of  electricity  from  one  or  more  other 
ttodies  which  will  be  found  to  be  negn/nvfy  electrized.  In 
other  words,  |)Osit>ve  eleclrification  is  due  to  an  rjerest  of 
electricity,  atid  nei^aiive  electrificaiioii  to  a  difideniy.  To 
prove  this,  Franklin  showed  clearly  thai  in  a  charged 
■.cyden  jar  the  outside  and  inside  coalings  .ire  oppositely 
electrified,  and  ihat  exactly  as  miirh  electricity  is  added  on 
one  side  aA  t*  subtractet)  on  tlie  '>ther.  Wa  exiwriments  led 
the  way  to  that  malhcniatical  development  of  the  subjeci  in 
which  |>ositivc  clcciririiy  is  treated  as  an  incom]>rcssible 
lliiid.  Me  also  obscncd  ihc  ]>owcr  of  points  to  discharge 
eletrtricity. 

Fox  many  yean  the  analogies  between  lightning  and 
the  electric  sjiark  h.id  bceri  subjects  of  discussion  amongst 
scienlific  men  ;  ami  |>Ti-vioiis  to  1750  l-'ranktin  li.id  set  forth 
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thmc  unj[li>gic«  in  ii  \rji\KT  in  which  he  enumerated  ihc 
eleciricul  efiecU:  whi<:h  wer<;  RiAniresied  t>y  lightnii^  He 
waited  some  lime  fur  ibc  erection  of  a  t.nll  «]>irc  in  I'htbticl- 
|)hia  so  ihai  he  tnii;ht  cxpcrimcnl  on  the  subjci  t,  but  whilst 
w.-titin^'  tlie  hfi|i|)y  i^r.i  occiim-d  to  him  ihjit  a  kiic  s«nt  u|) 
into  the  cIuikIk  iiml  nonnected  to  ihc  i-anh  h>  n  conducting 
UTint;  would  xnc  hh  piiiposc  a.i  well  or  even  heiier.  So 
that  it  shoiilfl  noi  lie  destroyed  liy  ihe  rain,  lie  con^mirlvd 
his  kite  of  silk  inmead  of  |>.ii»-r,  and  fixed  n  sliarinminied 
wire  to  Uie  top  to  collect  the  ek-rtricitj-  from  the  cloud.  On 
the  i|>pmach  of  a  ihiindcDitorm  in  June,  1751,  he  flew  his 
liiic  in  the  otdin.itr  way,  nml  with  ordiiinr)  Iwinc  for  Ihe 
Mriny  ;  at  the  end  of  die  twine  hi'  tie<i  .1  lenjttli  of  iiilk 
rihlton  M>  as  lo  in^ulaie  his  hand  Irom  the  condiietini;  mine, 
and  (his  ribbon  wag  kept  dry  by  being  drawn  under  the 
covft  of  an  open  doorway.  An  iron  key  was  alto  hiinji;  at 
the  en<i  of  the  Iwine.  On  the  storm  paisinf;  over,  and  when 
ihc  iwine  had  become  well  wetted,  abundant  sparks  were 
drawn  from  the  key,  and  al!  the  elecirkal  effect j  then  known 
were  obtKTved,  thus  proving  the  identity  of  the  lighiniiig 
n-iih  Ihc  elcctricjiy  of  the  laboratory.  These  experiments 
were  repeated  and  Lonlirmcd  by  numerous  observers  in 
Eurojw.  The  practical  oulconie  of  Franklin'^  work  was  the 
ebtxiiatiiin  of  ihe  li^htnin);  conductor  to  protect  building 
from  (he  dcsituetive  effect*  of  iluinderstomis. 

Now  iltflt  elertricity  al  a  high  potential  w,i5  biouj;bl 
within  the  reach  of  llie  exiK'ritnenier,  it  w.n.<  imt  long  before 
an  enihusiaKlie  invcstiitatoi  fell  a  viclin)  in  ihe  Raii.ie  of 
science.  I'rofessor  Kichnun,  of  St.  I'ctefsbur^,  on  ihe  6th 
August,  1753.  whilst  observing  the  indications  of  an  eleciio- 
meter  connected  lo  a  lightning-rod,  wax  stnick  by  a  sudden 
discharge  of  electricity  an<l  immediately  killecL  li'a. 
a^'Usinnl,  Sokoloff.  wa*  rendered  insensible  at  the  same 
time.  ITiis  accident  caused  scicnliAc  men  lo  be  more 
cnn-fiil  in  tticit  (■n!"timt'ni\,  lull  iliil  not  elici-L  iht-ir  Jieal. 


fllSTVKKM.    JVor/iS. 


•3 


Symmer.  in  1759  Kobvrt  SymmcT  revived  Uu  Fay's 
theory  in  an  imiiroved  fonii.  lie  !iUi»[HKic<),  in  o|)|ia!(itiun  lo 
Franklin,  ilwi  tlicrc  were  Iwo  kinds  of  dctirkity,  not 
Ituwcvcf  in<le|>L-n(knt  of  one  anuthcr,  but  coc^ittunt. 
When  a  I«(ly  vm  (ictilively  etc<iiified,  il  had  nn  excess  of 
[loaiiivc  ckctticily,  and  when  nct;.Uivcly  elect li lied  an  cxccM 
uf  negative  eWdieily.  lie  supported  his  theory  by  an  ex- 
[>eriiiient  whieh  wxs  l»ng  rvjcinlid  as  t onchisive  -  namely, 
llu(  on  ihuoin^  ai)  tlccirii:  »i>ark  thioiiiili  a  sliL-et  uf  j)a|ii.T 
t)w  edges  uf  the  hole  are  turned  up  on  both  udes  of  the 
]a|K-r.  I.ichtcr>lM;Tg*s  clcttrit.il  duhl  figures,  which  were 
discovered  in  1777,  were  also  te(i;iitlc<l  as  suiJiioftiny 
Syiiiiti<.'r's  iheof)-.  Syuinier  likewise  discovered  the  ete«:tncity 
dcvelo|)cd  on  ^illc  stockings,  and  he  deaciibcs  various 
aniusini;  [>henoiueita  which  occur  when  two  silk  stockings 
of  dilTcrent  colours  which  have  been  worn  on  the  same  leg 
■ic  taken  off  aaii  separated. 

The  i»yro-clectricity  of  crystals,  and  the  electricity  of 
ftahes,  partktdarly  of  the  turpo<Io,  were  much  ex|>erimented 
upon  about  this  time,  by  iiuint:rous  careful  and  industrious 
workers 

OaTcndisb. — The  brilliant  researches  of  Henry  Caven- 
dish should  always  occupy  a  protnirtcnt  plat:e  in  tlie  «iencc 
of  electt icily.  Unfortuiwitly  he  n-as  so  imiifferLnt  to  fame 
that  many  of  his  expo  i  menu  ami  lesults  were  nwcr 
published,  and  were  practically  unknown  until  they  were 
Inburioukly  and  independently  discovered  dcc^ideN  btcr  by 
his  siiccesNorK.  The  first  i|ii.-inlitalive  experlioi'iils  on 
electrical  lesistancu  were  nude  by  Oivendish,  who  shoncd 
that  a  column  of  ualtr  of  gi*'cn  dimt.n&ions  ofiers  oi  much 
rebalance  to  Ibe  passage  of  electricity  as  an  iron  wire  of  the 
same  (Tusvscction  but  .|0o,ooo,<30o  times  as  ton);.  In 
other  words  the  resi-ttancc  of  the  water  he  u&cd  was 
400,000,000  times  tlie  le^sunce  of  iron.  He  Jilso  com- 
jiarcd  sail  natcr  with  frcsh,  and  showed  that  the  former  nas 
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710  limvs  n  l)eUct  i-unitucuir  ihaii  the  Uiu-r.  CuvvrxJi.th 
tikcM'tK  iiudc  il.c  first  DK-asureiiient3  nf  (lie  t-locirical 
capiicity  of  condensers,  and  dtsctn-crcd  ihc  )aw  ihai  with 
pbtct  of  gbttt  coated  wiih  liiifoil  1I10  capacity  varws 
inversely  as  the  thtcViicss  of  the  ^m»  and  dire'tly  av  the 
(utbce  coated.  He  also  used  the  electric  spark  in  his 
brilliant  synthesis  of  water.  The  ilv<:ont  posit  ion  of  water  by 
llie  elwtric  siwrk  wa»  first  effected  t)y  Van  TrooKlvrijIc  and 
Dei  man. 

The  contributions  of  Cavendish  to  electiital  theoijf, 
which  he  published  in  ijyt,  are  very  imiwrtant.  Ainongsl 
utlier  Ihings,  li)'  a  very  iiigeniotis  null  method  h«  proved, 
to  ji  high  degree  of  atcuraty,  the  cetebniled  law  of  inverse 
wjuart-s, 

Ooulomb.— By  his  iin])roi-cmcnls  of  Mitchell's  torsion 
bnlanipe  {ste  iioge  102),  Coulomb  {h.  1 ;  j6,  d.  1806)  |>rov!ded 
electric  and  magnetic  in  vest  ij^a  tori  with  an  insiiumcni  of 
pK^ision  which  did  much  to  fncilil.ile  the  <i)ianliuijve  study 
of  the  phenomena.  Couloiidi  liim.ielf  tn<]ustrimix!y  ai)|tlicd 
it  to  inveMii^atenumerou.i  problenvi.  He  obtained  mcasuie- 
menls  of  the  density  of  the  charge  at  diffcrem  points  of  the 
surfaces  of  various  charged  ronductorN  jilaced  cither  in  con- 
tact or  a|«it  from  one  another.  He  also  exi>erinicnle<l  on 
the  dis.ti|jalion  of  ttic  chatyc  of  instdated  bodies,  and  fottnd 
that  it  was  in  great  measure  due  to  the  nwisture  deposited 
on  the  surface  of  the  insulators,  though  these  latter  showed 
wgns  of  Iroe  conduction.  The  applitation  of  maihematiol 
anatyus  to  tlie  i>Toblems  invcsli^alcd  ex  |ieii  men  tally  by 
Coutomb  was  made  some  years  taier  by  Laplace,  itioi,  and 
I'oisson. 

Galvftni.  -  In  1790  (iaivani  made  llie  vet)'  iiU{>oflanl 
diMHivery  that  «licn  one  end  of  a  metallic  conductor,  such 
as  a  wire,  is  attached  to  ihc  cniml  miixcles  an<l  the  otlKr  end 
to  the  limiliiir  nerves  of  a  frc«Jily  kilted  froj;.  violent  mu-icular 
contraction  is  |>ioduced.     He  conudcrcd  thb  to  be  du«  lo 
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n  ktnd  of  l^yden  jnr  dixchnrgc  rroni  the  imiscIcK,  and  that 
ihc  fMrrws  acted  as  condutiors.  This  opinion  was  supported 
by  the  otscrvation  lh.-it  the  discharge  of  i\  very  »iii;ill  l.c)'dcn 
jar  ihiough  the  limb  iihn  prodiurvd  the  conirai.-tioti!t. 

Volta.-  r>alv.ini'H  expcriincots  were  !;rcatl)'  cxtcn<Icd  by 
VoJta,  wlio,  in  1793,  showed  th.it  the  contTAction^  could  be 
|>Tuduccd  "  by-  metallic  louchings  of  livo  jiarts  of  .1  niTvi; 
only,  or  of  Iwo  muncks,  or  even  of  dilTctcnl  p.iits  of  one 
muM:Ie  nloni:."  but  ihni  in  iliwe  caws  it  was  aholuUly 
Htaisary  that  the  crmduclu)^  nielallic  arc  should  consisT  of 
iwii  diffrrtHt  mttah.  'lliis  discover}'  led  him  to  his 
cck'brati-d  tlicory  of  Conlaa  Foici-,  and  cvtntually  in  1800 
he  [irodiiccd  ibc  Voltaic  pil«.  Thus  was  inaugurated  the 
icicnci;  of  Galvanism,  or  VolUic  Ekctriciiy,  wlikh  wiu  *u|^ 
^•oscd  lu  deal  with  :>  new  and  diffircnt  kind  of  electricity, 
but,  :it  wc  shall  see  btcr  on,  thii!  clectricily  i.t  identical  with 
tti«  ol<l  ffictional  electricity.  'I'lie  great  importance  of  ilie 
ne»-  discoveries,  however.  lay  in  the  fact  iliai  they  first 
l>oime<I  out  a  method  of  [iroducing  a  continuous  flow  of 
vlertrkity  in  a  conductor,  atid  tluii  led  dte  way  to  that 
enufmous  ckvdo]>ment  of  the  science  due  to  the  diKovery 
of  the  laiious  and  unique  properties  of  a  conductor  in 
which  a  current  is  Howing. 

DftVy.  t'he  chemical  action  of  the  current  in  de- 
contposiii^  wrotcr  was  soon  discovered  by  Ni<:ol»>n  and 
Carlisle  in  tSoo,  but  no  adequate  explanation  was  afforded 
until  Sir  [tumi>)iry  Davy  Mipjilied  it  in  iSoj.  and  Utilised 
the  new  nK'tluid  of  :in;ilyiiN  in  liu  brilliant  rc>c.iiehes  on  the 
eotnposition  of  the  alkaline  earths  and  alkalies.  In  1810 
Oavy  also  produced  the  arc  lij^ht  for  the  first  time  at  the 
Koyal  Institution  ;  hv  us<rd  carbon  jKtinls  as  his  eketiude.s 
and  s.  hallery  of  2,000  cellN. 

Oersted.— For  many  years  sdcntislK  had  l)cm  busily 
trying  to  find  a  connecting  link  between  the  phenwncna  of 
electricity  and   those  of  mngnetism.     The  merit  of  ihe 
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discovery  bcloivgi  lo  OemccI  of  Coiwnhngen,  who,  in  i8so, 
observed  that  s  current  of  cicciricitj'  flowing  ^lung  a,  coo. 
(luctor  (Iclk't^tcd  n  mngm-iic  ncctltc  placed  in  its  nci(;hbour 
hood.  'I'hc  discovery  of  Oersted  was  i.-3|;i.-Tly  fulluwed  ii]i 
in  ]'*Tance  by  Ampfere,  who  in  an  iistonishingl/  sbort  vpanx 
of  time  extended  ii  by  numerous  cxpcrinicnu,  and  built  uji 
a,  woiiilctfully  perfect  madKinilli<:ii)  theory  of  the  n);it;netic 
action  <il  HiKMr  conductors  ctirrylng  <:urients. 

Seebeck. — A  new,  and,  from  a  tlicoretical  |>oinl  of  v[«w, 
a  must  inicrcsiing  dcpanment  of  electricity  was  opened  uji 
by  tlie  di-MOvcry  in  ifisj  of  !i  method  of  diriTtly  con»citing 
heat  vneitiy  into  electti<\d  energy.  Seebeck  foiiniled  ibc 
science  of  therm o-elcclri city  L>y  showing  tlial,  in  n  I'omgilcte 
metallic  circuit  made  up  of  different  mcUli>,  if  the  various 
juDctioiu  are  aniiicially  maininined  at  different  temperatures 
ft  cunent  of  cleciiicity  will,  in  general,  be  found  lo  (tow 
round  the  circuit 

Here  wc  close  this  brief  histoticaj  sketch.  The 
epoch-making  discoverii'S  of  Faraday,  which  nere  pub- 
lished a  few  years  later,  logcttier  uitli  ihc  iniponani  re- 
searches to  which  they  gave  rise,  belong  to  the  domain  of 
modem  sctcncc.  and  it  will  be  most  convenient  to  discuss 
them  in  connection  with  the  divisions  of  the  subject  to 
which  they  refer. 


THAi'TKR    ir. 

METHODS  AVAILABLE   FOR  THE   PRODUCTION  OF 
THE    ELECTRIC  CURRENT. 

In  ihc  preceding  cliajXcr  wc  have  referred  lo  ilw;  djscovciies 
of  Galvani,  Voica,  .in<l  Soobtck,  which  niovidc  us  wiih 
mcihodi  of  maitiuining  a  coniinuaux  flow  of  elcctnrity  in  n 
conductii^  circuit  as  diHliiigui^hcd  from  t)ie  iiioinentary 
ttow  which  occurs  in  a  wire  when  ils  ends  arc  brought  into 
contait  with  iwo  upposiccly  chnigcd  bc)<liu<:  such  ns  the 
inner  and  outer  coatings  of  a  cliarj^cd  l.cydcn  jar.  If,  by 
any  external  means,  (he  oppositely  chaiged  bodies  could 
have  llivir  rhargcs  renen'cd  as  rapidly  iiS  iheynre  discharged 
hy  Om  connecting  wire,  then  a  continuous  current  n-nuld 
flow  along  the  wire,  which  would  exhibit  the  same  properties 
as  a  wire  in  which  a  airrent  is  mainininvd  by  a  Volta's 
pile  or  by  Seebeck'x  thermal  arran);«nieiil.  Wc  shall 
sul»e<tucntly  prove  that  electiiciiy.  and  also  the  electric 
cuncnt,  however  produced,  arc  .ilways  the  same,  but  wc 
wish  now  lo  dwell  more  jiarticutaily  on  the  properties 
possessed  or  effects  exhibited  by  a  conductor  of  electricity 
in  which  a  steady  current  is  flowing.  These  are  of  three 
kinds:  thermal,  magnetic  nml  chemical,  and  may  be 
briefly  dt^rtibtsl  .li  I'liUiirts  :  — 

I.  The  Tbenaal  effect.  —The  conductor  along  ahich  the 
cDtrenl  flows  Iwcomc^  healed  during  Ihc  ]<assagc 
of  the  current  Tlic  rise  of  temperature  of  llie  con- 
ductor may  be  small  or  gieai  according  to  cJrcuni- 
stances  ;  but  5on)c  heat  is  always  produced. 

3.  The    Magnetic   vflect-— 'Hw   ^ace  both  outside 
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nud  iiisidc  lliu-  siihstancc  of  the  conductor,  but 
more  cspci:inlly  the  foiinvr,  bccumcs  a  "coagnciic 
fickl " '  ill  which  tk-licatL-ly  )>i^'nt<'<)  (ir  tiiir>|K'nclc(l 
m.ijgTivtii-  needles  will  talcc  u)>  dermiie  iiOAJtinni,  and 
in  which  ccriain  matcriah  known  as  magnetic  become 
mantel i!^L-d,  Other  sL-condJiry  actions  may  also  lake 
pbci-  in  this  'Tiold." 
3.  The  Chemical  cffcrt. — If  the  condudor  l>c  a  iKjtiid 
which  is  .1  I  heniical  com|>mind  of  a  rertaiit  cbss 
cqIIimI  ffftlmlytes,  \\\v  h(|iiid  will  be  <icc(impow<l  at 
ihf  pUces  where  the  current  etiten  and  lenv-vK  h.^ 

lltcsc  are  the  primary  phenomena  which  are  ninnifeMed 
when  a  steady  continuous  current  Hows;  there  are  ollter 
phenomena  attending  the  sUrtii^  and  Eioppiii)!,  aiid  the 
rixc  and  fall,  of  the  current,  which  will  he  desi-cibed 
subsequently. 

Now,  conversely,  if  a  solid  condiurtor  exhibits  the  first 
two  proiicnies,  or  if  a  liquid  conductor  exhihiis  all  three,  w« 
say  that  tliere  is  a  current  of  electricity  flowing  in  that  con- 
ductor, h  is  important  to  notice  lh.il  this  last  scnlcnn: 
enunciates  one  of  the  most  ronvenient  and  easily  understood 
ways  o\  JffiaingvViAX  wc  mean  liyan  eldfrk  tumnl.  j^^lhc 
conductor  exhibits  tlwxe  pro|K;rtie:t,  (here  i*  an  electric 
current  in  it ;  if  it  docs  not,  tlien  there  is  not.  'ITie 
phenomena,  however,  may  be  somewhat  masked  when  the 
current  is  an  attcmaiing  one,  that  is,  when  it  consists  of 
many  curreriS  alttmntely  in  i>|>pn»ite  directions.  For  the 
[ireKeni  we  |X)«t)ioi>e  the  eonstderatiun  of  this  case.  A  tes.<( 
sati^aaory  way  of  delinini;  a  current  would  be  lo  say  that 
whenever  two  insnbtcd  corvductors,  equally  but  oppositely 
diarged,  arc  conneited  by  a  third  conductor,  a  current  ol 

'  Wc  shill,  Ultr  Ml,  ci}>l«iB  fnlly  bIim  n  implied  in  Iku  i>lira>tr. 

*  AD  cbtmictlty  cncnpuiml  IlijuliU  aic  not  ■IcMmpiiM'l  bf  ibc 
fiuTcAI.  Some,  toch  m.  pa)»ffia  oil.  tdcpcnlln*',  &c.,  do  not  ftllnw  the 
ciur«nl  to  p»»  al  >tt,  anJ  an  ptnctically  intuhtoo. 
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elcctrkiljr !«««  nlwig  ihc  biu-r,  nnd  ilie  iwo  foimcr  arc 
fouml  lo  l>ci«m|ilclcl>'  (li:>ch.iri;eil.  Ii  ihe  conntttiiiii  body 
is  mw  a  con>liictoT,  then  the  Iwo  cluirgctt  concluttois  tetain 
llicir  charges  iinalk-inl.  The  test  by  which  the  p.i)is.igc  of 
the  cuiTcni  is  inrerrcd  n  the  uncli-ctrific-d  Mnlv  of  the 
oii):in.illy  rluirifi-il  cumltictoix.  The  localled  i><i^a£«  of 
the  'tifrcni  aloiij;  the  connccliii};  conductor  is  aloiou 
ttifttamancous  and  it  is  only  hy  very  delicate  cxperimcnls 
iliat  the  three  cfTects  detaiW  nbuvc  coiiUl  lie  detected. 
Kui  when,  as  a1rea<ly  exitlniiwd.  the  charges  of  the  two 
insuUled  conductors  arc  coniinu.illy  renewed  as  rapidly  as 
a  third  conductor  discharges  them,  the  cutrcnt  becomes 

I  s  cantinuous  one,  and  it  it  far  more  convenient  to  6x  the 
atlcnlion  on  ilic  cflcttt  wiiich  this  30<allcd  current  produces 
in  and  around  ilie  body  which  is  said  lo  convey  it  ih.iii  (o 
troidik'  oneself  niih  |)hcnonicna  belonging  to  a  diflcrcni 
branch  of  the  science.  In  fnci,  if  the  discoveriis  of  fralvanj 
and  Volta  had  preceded  tliosc  of  Thalcs,  Uilbcrt,  and  the 
other  philosophers  to  *hom  we  have  reicrred  in  the  previous 

I  chaplcr,  it   is  more  ttian  [irtibable  that  the  whole  nomcn- 

Lelature  of  electrical  science  would  have  been  entirely 
different.  It  is  to  the  tuo-fluid  and  oncfluid  theories  of  the 
ciglilccnth  century  that  we  owe  such  terms  as  "curnnt," 

I  "conductor  uf  elwtticily,"  itc. 

'  The  reader  will  now  understand  tlut  we  pruvisionatly  use 
the  leim  "elccltic  current  "as  a  convenient  one,  to  denote 
a  ceiUiin  set  of  phenomena  ivhich  occur  simultaneously 
under  certain  conditions.  The  term  arose  out  of  those  ideas 
on  the  nature  of  electrification  which  regarded  an  electrified 
body  as  containing  a  qu.intity  of  a  special  /aid  called 
clectrieiiy.  Now,  alihoiigii  electricity  in  many  cases  un- 
doubtedly behaves  like  an  incompressible  fluid,  it  \s  by  no 
mean;  certain  that  it  is  one ;  or,  if  it  is,  it  is  in  a  sense  very 

I  diflerent  from  that  mhtch  ira.t  usually  meant  when  the  term 
Win  first  applied  to  it.    The  answer  tn  the  question  "  What 
c  z 
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U  t;ln'tficiiy  ?"  cannot  t»e  giran  in  the  prcscni  sutc  erf  (he 
sirknce.  Baily  ex]>crimcntcts,  however,  n-garttcd  it  ns  a 
l^uid,  and  vrliun  tlicy  otiHtrvcil  itint  n  body  chxigcd  with  this 
Itiitd  lo4l  .-ill  tr.-ice  of  it  wlien  joined  to  ilie  earth  by  a  metallic 
wire,  it  wa.i  very  natural  for  them  lo  infci  ihni  n  current  of 
the  fluid  had  flowed  .-iloDg  the  nirc,  and  to  refer  to  whnt 
look  [fincc  as  a  How  of  electricity  or  an  "  electric  cutrcnL." 
I'he  phrase  h  3  convenient  one,  and  h  Mill  ttsed.  '11k 
readtT  most,  however,  undeniaiut  el«rly  that,  for  itw 
prcKi'nt,  we  thereby  neither  assert  nor  deny  the  existence  of 
an  actual  ciinenl  in  itic  condii<:toT,  but  merely  uk  the 
l^ratc  as  iiidti-nlin^  th^t  certain  elterts  ore  pioduced  in  Iht 
(mdHiter,  and  in  the  ifaa  rrw«i/ //,  whilst  the  current  is  said 
to  flow.  Itut  whatever  cic-ctiieity  is,  there  is  a  Inic  floiv  of 
electricity  in  the  conductor.  The  jwogreKi  of  cleclrieal  dia- 
ciivery  will  |»tobably  modify  tlie  views  at  iMcwrm  tentatively 
held  by  scientific  nun  as  to  the  naliirc  of  elcctncily,  and  as 
to  the  ultimate  exjtlanation  of  ihc  cflc4:ts  which  occur  in  the 
ccmductor,  and  in  the  surroundinj;  sgiace,  whilst  tlie  electric 
current  flon-s  in  the  condurtor.  But  these  effects  will  «lmiya 
be  manifested  whenever  w)ui  is  now  called  the  electric 
current  ii  nuiiniained  in  the  conductor. 

Seveml  methods  of  maintaining  the  current  are  Icdom'd. 
The  electric  current  itself  can  be  accurately  measured  in 
several  dilfeient  wayx  iihi<:h  give  concordnnt  results.  What 
is  more  in)(ionani  b,  tlial  i)i«  amount  of  mechanical  or  other 
ener]g]r  that  must  be  expended  to  maintain  a  psrlicular 
electric  current  under  given  circumstances  for  »  given  time, 
ran  Ik  l«>th  accurately  calcubted  and  acnitately  n'.easurcd. 
In  fact,  electricity  in  niottoii,  nr  the  electric  current,  is  a  form 
of  tiurgy  {oT,  more  strictly  speaking,  of  fmtvr,  that  is  of 
energy  in  Ihc  act  of  twin);  imiuferrcd  from  one  form  to 
nnolhi-r).  and  the  general  Liw  of  the  cunxcrvalion  of  energy 
1.  jlkis  10  ii  It  PS  m  this  fact  that  we  lourh  (iim  imd  well- 
kiiuiin  icicniiftc  groimd,  and  ii  is  on  this  account  that,  for 


Jferaaoi  of  PKO&ucrtoif. 


the  (tmclical  work  of  life,  wc  can  iu«  the  electric  ciiTreni  and 
mnkc  all  kinii«  of  necvssnTy  cslculatioiiti  with  n^ATi\  lo  it, 
and  Ihc  wotlc  ihni  can  he  ilune  with  it,  nithoiit  conimiilinK 
uurselves  to  any  (xailicular  theury  tegardliii^  it. 

Coiresponding  to  each  of  the  cITecis  of  the  electric 
current  cnuinurnied  iilmve,  tliere  ts  .1  incibod  of  producing 
the  electric curreni  il^eir;  or,  lo  -ipeaW  more  accurately,  we 
thoiild  uy  ttijt  there  is  a  luethiHl  of  |iTudukiiii<  electric 
iwessure  or  electromotive  force  wtiiLh,  if  i)ro|»er  coniluctiiig 
<  circuits  he  |irovidc<l,  will  givt;  rise  to  electric  currcnis.  Wk 
nmst  here  aniiiijMte  the  inore  conipk-te  <Uvt-lo|iineiU  of 
the  liiM-s  of  the  c(irri.-nt  uhidi  nill  loriii  the  Mihjcct  \t(  the 
next  section,  hy  eipbining  biieflj'  that  nhciievcr  a  difference 
of  etc«:tric  |>Te4sore  ix,  t>y  uny  niMns,  tnaintnined  .it  the  two 
vnds  of  a  conductor,  theit  an  electric  cuircni  will  be  set  ui> 
in  thai  conductor,  and  will  (ontinuc  to  How  as  long  as  the 
diffcTcrtcc  of  i>re-vnire  is  iiLiintainc^l-  Should  the  current 
not  flow  unckr  these  circiiniNtancets-then  it  u-ill  be  found 
that  the  conductor  cni]>loyed  contains  within  itself  a  source 
of  hack  electric  [jresture,  which  is  sutficicnt  to  neutralise  ihc 
difference  of  iwessure  ni-iinlained  at  its  two  ends.  Another 
law  which  we  tlvall  often  tai-itly  a!Ktuine  m  that  steady  electric 
currents  can  only  flow  in  closed  conducting  circuits,  that  is, 
in  circuits  in  wliich  there  is  a  <'0ntiniioti-'>  con^hicling  jialh 
closed  on  itself  like  a  ting  or  endlest  rope.  Ttie  circuit 
tteed  iwt  be  of  the  same  conducting  materials  Ihroughoui, 
but  shotild  Ibure  he  any  nonnron  due  ling  gn|i  in  it,  the 
airrenl  will  not  flow.  An  a{)|iareni  cu'e]>tion  to  this  Um 
staieinent  occurs  tn  the  case  of  the  electric  arc,  hut  we  shall 
in  the  proper  place  give  reasons  for  heticving  that  the  gap, 
whiUt  the  arc  lasts,  is  truly  comJiicttvc^ 

Returning  now  to  the  method*  available  for  pioihicing 
aa  electric  current,  we  hav«  seen  that  whenever  aii  cleitnc 
current  passes  along  a  conductor,  heat  is  produced  in  ihat 
conductor.     On  the  other  hand,  if  two  )>ie<:es  of  different 
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meials  (sa)'  co|)pei  and  iion)  be  taken,  ant)  one  end  of  one 
joined  to  one  vnd  of  the  other,  hikI  tlic  junction  heated,  t)ie 
two  fri-e  ends  will  l>c  f«iind  to  have  dilTeient  fle^fru 
frestuns,  or,  a.i  it  is  usually  expressed,  tlitse  en<ls  are  at 
difftrtnl  (!t<iri(  pi>tmtiali.  If  now  ilie  free  enils  of  ihc 
tnculs  be  joined  by  a  met.illii:  wire,  it  will  be  found  ihjit  an 
eleciric  current  will  flow  round  lite  ciictiit  fomted  by  ihb 
wite,  and  ilie  two  original  pieces  of  metal  (in  tlie  lase 
NUpiiosedt  fioni  iron  to  co|ii>er  along  the  joining  uiic),  as 
long  as  the  original  junction  is  kept  liottcr  thnn  the  oilier 
junctions  in  (tie  ciniiiit-  It  should  be  noticed,  however, 
that  the  conditions  foi  producing  the  electric  curreni  by 
means  of  hejt  .ire  mure  complicated  than  (h<»c  for  («o- 
(tucing  beat  by  means  of  the  ciirrcnl.  In  other  words,  one 
phenomeiton  is  »ot  the  simple  converse  of  the  other. 

Again,  when  an  electric  current  flows  in  a  wire  ot  other 
conductor,  the  sjuice  outride  the  conduetor  becomes  a 
inajpietir  field.  On  the  oilier  band,  if  a  eonfluctor  l>c 
moved  in  certain  ways,  whtdi  we  ^^1  consider  in  detail 
presently,  in  a  magnetic  field,  its  two  ends  will  be  found  to 
be  at  difl'ercni  {Kitcntials  as  long  as  the  movement  con- 
tinues. If  t)iun  (hesu  ends  arc  suitably  joined  by  a  second 
conductor,  an  electric  current  will  flow  in  (be  circuit  foimcd 
by  this  new  conductor  and  tlK-  moving  conductor. 

Finally,  when  an  elect  tic  current  flows  through  a 
chemically  eompotmd  liijuid  conductor,  the  liquid  ts 
chemically  deconipoccd  at  the  points  where  ilie  solid 
conducfors,  bringing  the  current  to  and  leading  it  «way 
from  the  liquid,  make  contact  with  the  liquid.  On  (he 
other  hand,  if  two  di-tsimilar  nietab  be  dij^wil  into  a 
chemically  compound  liquid  conductor,  or  if  two  jtieoex  of 
the  same  metal  be  dipj>cd  into  two  dilTerent  compound 
liiiuids  which  are  in  conducting  communication,  in  both 
c.ises  the  free  jrtrt*  of  the  tnu  inc-lnls  will  l>e  found  la  Ik  at 
diffeTenl  electric  |>ult'nliaU.     And  if  these  mct.iLi  be  t'lincd 
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a   mui.illic    conductor,  an    ck-clik    cttrrenl   will   ilou* 
,throU)(h  thu  nieUllic  conductor  and  uLio  t)irou(;Ii  the  lir|UKJs 
Bim]  olhcT  metftU- 

In  describing  in  detail  ihc  various  mtthodi  cm]>lojcd 
ifor  gcncrarinj;  thv  civcifi*:  cutr<.-iit  on  the  jI)ovc  Imcs,  uc 
ihall  fitqut-nlly  luve  to  Kftr  to  llie  bw-t  v.hich  govern  the 
l^lrannniutiitiuns  of  tiKTsy  invt^ved  in  the  different  iiriMnscH. 
It  mill  itiLTcforu  <:on<)ucc  to  gri-ntur  ikarncsn  licrciiftL-r  if  «c 
now  dcvutc  a  brief  space  to  tlic  cunstdcration  of  ihesc  vciy 
ilDjiuttAnt  law».  wlii«:h  thuu^li  far  icJicliing  in  lltcir  con- 
i|Ucaces,  are  not  difTxruli  lo  follow  la  ilic  L-xteni  iivccsmi/ 
^o  grasp  their  ai>|>licaiian  to  clcrtiii:  phenotneita. 

The  grcut  fundainvnlAl  priiidjrle  with  which  vk  have  lo 
ileal  is  that  of  Ihc  "Conservation  of  Energy."  This  ptin 
Ltiiple,  although  it  was  not  geni.-nill)-  nccepled  until  nearly  Ihc 
Imiddlc  of  the  nineteenth  century,  i«  now  one  of  the  mo»t 
ffirmty  e^ublisltcd  principles  of  ph)-uca1  sctcnoe.  It  aKseils 
that  energy  itself  is  indcMtiiclibIc,  a|[hou;;h  it  may  take 
various  forma  and  be  irarskned  from  one  agent  lo  another. 
iThus.  whenever  energy  a]>pean  at  any  ]>lace,  we  knoo'  that  an 
exactly  equal  lunotint  of  energy,  but  not  necg^^irily  of  the 
tame  fonn,  lioa  <lisappcarcd  somewhere  else.  Tlii.i  must  be 
regarded  not  as  a  mere  theory,  but  as  an  experinienial  fjim 
itid^liiihcd  by  thousands  of  cx|ierimci)ts,  and  not  yd 
nlroveitcd  by  a  single  adverse  one. 
In  works  on  dynamics  it  is  explained  that  an  n^ent  that 
:  capable  of  doing  woik  poMcncs  a  store  of  energy,  and 
that  it  is  only  because,  and  w  far  as,  it  iiossenses  this  store 
a(  energy  thai  it  is  cajxiblc  of  doing  woik.  The  familiar 
jl lustrations  usu.-iUy  n<tdticed  arc  tliat  a  raided  clock-weiglit 
SCS5CS  a  More  of  energy  in  virtue  of  ils  raised  position, 
tnd  in  rumiing  down  it  will  do  a  ceitaiii  anuiunt  of  work  in 
iriviiiK  the  clock.     .'Vgain,  a  moving  hammer  lieu),  ^uki 
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bcTore  it  Htrikes  a  nail,  possesses  a  More  of  energy  in  vtrluv 
of  its  inolion ;  on  slrikiDg  tlie  Dai)  it  is  brought  to  rest  and 
loses  ihU  energy,  but  docs  work  in  driving  the  nail.  It 
thoitid  be  observed  tlut  in  both  thvM  c.-ik:s  tlic  original 
KtorcK  of  cnvrgy  an;  iihimntely  conwited  into  the  heat  form  ; 
in  the  aue  of  tlie  clock  this  heat  appears  ai  ttie  )>ivois  and 
Tubbinj;  surfacn  of  the  teeth,  &:c ,  and  in  the  ciuc  of  the 
h.-tmmcT  it  is  distribuie<i  chiefly  ihrougli  the  nai),  the  wood, 
and  pattl)'  on  the  head  of  the  hammer,  tituugh  a  vcr]'  small 
[loriion  of  it  becomes  sound  energy,  and  eventually  assumes 
the  form  of  heat  energy  in  the  various  surroundinK  objects, 
some  of  which  may  be  at  a  great  disianrv.  Itiit  none  of  the 
energy  either  of  ihc  raised  clticknei|^ht  or  the  luoving 
hanimer-liead  is  destroyed,  although  in  eIksc  instances  it 
lakes  «  foi(u  in  which  it  can  no  longer  be  made  serviceable 
to  man.  This  tendency  of  energy  to  assunH-  forms  iin- 
xetviceablc  to  man  k  known  as  ilie  "  dissijiat ion  "  of  energy, 
a  principle  correlative  to^  and  intimately  assodaied  with, 
the  doctrine  of  the  conservation  of  energy.  It  would, 
however,  lead  us  too  far  from  our  present  subject  if  wc 
aiiemgiied  lo  di.stiivi  the  doctrine  of  the  diiMtfialion  of 
energy  in  all  its  bearings,  and  we  must  therefore  leave  it. 

'  Reluming  to  the  main  doctrine  of  the  comctvalion  of 
energy,  ax;  observe  that  whenever  work  is  done  energy  is 
tram/iirmeJ,  and  is  often  in  great  part  iran.iferm)  from  the 
body  which  originally  possessed  it  to  otiiei  bodies,  some  of 
which  may  be  ai  a  great  dklance  from  the  first  body.  Also 
the  total  work  tliat  can  l>e  got  from  any  body  or  system  of 
l>0(lics  is  ihf  proju'r  mea^uie  of  the  "available  energy" 
wbirli  it  iKffisesses,  alihoiigh  in  most  cases  it  is  less  than 
llie  total  i]iuntity  of  energy  which  the  body  or  system 
may  contain. 

Now  we  have  asuned  alxivc  that  electricity  in  ntotion, 
or  the  electric  current,  is  a  f(irm  of  energy.  Tnu  lines  of 
icatoning  and  cxi>crijnent  justify  this  assutiton.     In  itie  Arxi 
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|)bic«,  as  wv  shall  see  inorc  (til))'  as  w«  pioccL-d,  ik  can  onljr 

{Kw-ure  3  rontinuoas  tAcvxixc  ctirrcDt  hy  the  continuous 

cx|Kn(liturc  of  energy.     Secondly,  from  eWtrindiy  in  mulion 

various   forms  of  energy  can  be   procured.    Tlius  in  llic 

thcrnuil  effect  wc  obtain,  as  a  direct  result,  heal  energy  in 

the  conductor.     Again,  by  making  use   of  the  magnetic 

lallert  ite  can  either,  as  in  electric  inolorx,  obtain  niechnnical 

[ciwrrny,  or,  an  in  teli|>honea,  obliiin  em,T);y  iit  the  form  of 

Koimd  waves.      Then  again,    in    prodm  inj;    the    chemical 

■  efltnrt,  Ihc  decoinjiotii.'d  consiiliicnts  of  ihc  comjiuund  litjuid 

tlKUseia  n  More  of  energy  of  chetincul  scparatiun.    'Hienc 

MUtMces,  when    regiirdcd    from    the    siandiioini    of   the 

doctrine  of  the  cmiservalion  of  energy,  ^uHice  to  [irovc  that 

electricity  in  motion,   which    can   only-  be    procured   by 

lUiv  exiiendilure  of  energy,  and    in   its  turn  gives  rise  to 

various  fonns  of  cnci^.  must  itself  be  one  of  ibe  forms 

of  energy. 

Wv  shall  vmiH  describe  in  detail  the  various  niuthoiU  used 

[for  the  production  of  the  current,  but  shall  not  talie  iheni 

\\a  the  order  in  which  irc  summarised  them  on  page  ■  7.     It 

will  be  more  convenient  to  cotiinK-ncc  wilh  i.hctnira!  methods 

ot  producing  ihc  current,  betuutie  Uiesc  nictliod.s  were  the 

IftrBt  by  which  continuous  currents  were  produced,  and  they 

lare  stilt  extensively  employc<I   for  many  purposes-    Next 

flhv  ma(.'ni:li<-  method.^  of  produring  ihc  i^urrcnl  will  be  ron- 

sidered,  fur  these  are  the  moit  imporuiit  in  the  widening 

development  of  the  applications  of  ihe  electric  curivnt  to 

Ihc  service  of  mankind.     I^utly,  we  .-dull  treat  bnelly  of 

lite   thermal  method.t  of  pro<lucinj{  the  current— met h< ids 

winch  have  not  yel  luicn  to  a  position  of  much  [iraciical 

importance. 
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OHEMIGAL    PRODUCTION    OF   THE    CURRENT. 

Onk  of  iJic  Ui^nt  -rtorts  ui  ciifTj;/  ihal  ak  at  llie  dis|»oijI 
o(  iiiAD,  anil  ii|)on  whidi  hv  can  <Jrdw  wlien  he  wikhn  lo 
luvc  work  tlune  for  him,  is  the  energy  of  clveraical  separa- 
tion. The  energy  of  coal  of,  more  strinly  spcakittg,  orcual 
and  air,  is  of  lliis  kind.  Tbc  carbon  of  which  the  coat 
chldly  consists  has  wh.i(  chemists  '.-ill  an  acuity  for  the 
okj-gen  of  th«  air,  mid  in  virtue  of  lliin  ailiiiity  the  atoms  of 
carbon  and  oxygen  in  certain  circumstances  rush  together 
to  form  complex  moltxulvs  of  carbon  dioxide  or  carbonic : 
ni-td  ga.s.  This  [noccss  is  what  is  [x>|)uUrly  known  as 
huriiitt^  the  coal  or  t^aibon.  In  the  rush  of  the  atoms 
together  and  the  collisions  consei|ucnt  lhereui>on,  a  dctinite 
amount  of  heat  energy  is  dcvx-lopcd,  and  instead  of  the 
store  of  energy  due  to  the  separated  atoms  uf  carbon  »xvA 
oxygen,  we  have  now-  the  ntore  active  energy  of  a  definite 
quantity  of  beat  whicli  we  can  use  to  drive  our  steam 
engines  and  to  do  our  work.  The  carbon  dioxide,  after  it  liJis 
given  up  its  heat  by  radiation  or  odierwise,  has  no  longer 
tia*  same  store  of  cncrgj-  thni  the  separate  atoms  of  carbon 
and  oxygen  possessed  before  they  combined ;  and  n-halcvcr 
be  the  nature  of  dientical  .tfltnity,  the  ]iredLi)K»)ng  ratisc  of 
the  combination,  we  know  by  experiment  ih.ii,  in  order  lo 
separate  the  molecules  of  car)>on  dioxkle  again  into  the  . 
constituent  atoms  of  carbon  .-iikI  ox)-gcn,  we  must  provide 
from  other  sources  a  (juaniiiy  of  energy  exactly  eijual  in 
amount  lo  the  itcat  energy  ivhieh  appeared  when  coinhiiu- 
tion  UL'cuncd.     In  this  way,  and  in  this  way  only,  can  we 
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Uui  caibon  is  not  the  only  body  »hkh  has  an  affinitjr 
(or  oxygen  and  can  lie  burnt  ur  oxidistrd  in  it.     Ncnrly  alt 
the  IkkIks  knonn  lo  chcmbis  as  ckntenls  have  ii  grwilcr  or 
less  affiflJiy  fur  oxygen,  and  can  be  cau^vd  to  cotubim:  with 
il.  aiHl  ihc  me.iMiri:  of  tlic  alliiitiy  is  ttif  aimiunt  uf  heat 
(.netgy  i^roitucvd  wlien  dvlinitc  i|iiantitii.-3  of  iho  body  com- 
bitu-  with  ihc  equivalent  ijuaniiiics  oj*  usj-gcn.     'Ihc  bodit-s 
tt;t.ulii]tg  fiitm  ttic  combination  aic  teclmically  knun-n  ss 
oxidn,  and  Ihc  process  as  oxid':ition ;  but  in  the  iitilixalioti 
of  the  enerjjy  of  clK-miral  «c|>aralion  for  lh«  dirvct  iirixliic- 
tioa  of  electrical  energy,  ihv  oxidation  is  usually  accuniplishcd 
at  K  low  temperature,  and  fiiilher  eombinatiuns  arc  sIlOAcd 
lu  ukv  place  by  irlijch  bodii-s  more  complex  than  oxides 
are  produced,  and  a  ureater  amount  of  energy  ilcalt  with. 
It  iiuy  be  taken  as  a  general  rule  t!ut  when  a  series  of 
bodies  tncrca&ing  in  tontjilexity  are  foinied  in  a  scries  of 
wieccsMve  relictions,  which  ukc  place  without  the  supply  of 
external    energy,    the  amount    of    heat    ur    other    energy- 
produced  iitiTeoxes  with  the  complexity  of  the  product.     As 
an  example  take  xtnc     The  combination  of  one  jiound  of 
zinc  (/n)  with  llie  ei|uivident  ijuanlity  of  oxygen  lo  form 
line  oxide  (ZnO),  ihc  zinc-white  of  luinters,  sets  fRM:  a 
mcosunttileamount  of  energy.     Butzinc  oxide  can  indirectly 
be  caused  to  cotnbinc  with  Mil]>lmT  trioxide  (SO.^)  and  form 
zinc  sulphate  (ZnSO,),  and  in  this  xecond  combination  a 
furlhcr  amount  of  energy  is  set  free. 

When  we  are  dealing  with  heat  energy,  it  has  been  found 
that  the  most  convenient  way  of  measuring  any  particular 
iiuanlity  of  heat  is  by  estimniing  the  (piantity  of  walet  which 
the  heat  in  ([ucslion  would  raise  one  degnrc  in  icmpenilurc. 
Tltat  is,  we  lake  as  our  unit  of  heat  lite  tpiantity  of  heat 
thai  will  raise  one  gram  of  one  |Hiund  (according  lo  the 
unit  of  mass  adopted)  of  water  at  its  point  of  nutvimum 
dcnnty^^'OoncdcgrecLVntigMde  in  tcmpi-ratute,  ifthe 
L'  taken  as  the  unit  of  ma*.^  then  the  <'iini.->]iuiKlin^ 
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heat  unit  is  called  the  calorie;  no  lumie  has  iis  yet  been 
given  to  the  pound  heat-unit,  and  it  will  lliereroic  cofxlucc 
to  lonciscncssof  cxprcsMon  iT  wc  make  use  of  the  osLlorie. 
"YhK  tmn-J'otniation  losny  other  henl-unil  is,  huwever,  only 
a  i|uetiiion  of  ari  thin  die,  nntl  can  l>e  ninde  hy  uiiii^  the  premier 
numerical  multiplier.  Notv  in  the  jimcessof  oxidiKtngfrS'S 
gianis  of  zinc  to  the  fonn  of  zinc  oxide,  cxpcrinients,  whtch 
wilt  be  found  dc^ribcd  in  any  good  book  on  (ihysins,  shuit 
that  heat  to  the  amuiint  of  85,800  (.jluriert  is  genentvil ;  and 
in  the  con ibi nation  of  thiw  /tm:  oxide  with  Hiit|)hiii  irioxide  to 
form  zinc  sul|)hatc,s9,400  mote cdoriesareccnetaled  Tlieac 
nuinbcre  measure  the  available  energy  of  chemical  scjiani- 
lion  of  (lie  matcrinls  bi-forc  the  conibiiutiuns  titkc  pUii-. 
Thus  if  all  the  energy  'A  chemical  <<c)xtrJtion  is  .iUomciI  to 
assume  the  form  of  hcai,  there  would  be  al>out  4 1  )>ef  cent,  less 
heat  )irodutcd  by  turning  i  lb.  of  Jiinc  into  line  o.\itlc  than 
by  turmog  i  lU  of  iiioc  into  xinc  sulphate,  even  if  wc 
n^lect  in  the  latter  case  the  heat  prodticol  by  the  fonua> 
Iton  of  the  suljihur  tnoxide.  'IVie  readiest  way  of  making 
tine  sulphate  from  zinc  is  to  dissolve  it  in  moderately 
dilute  sulphuric  acid  (H,SO,),  commonly  known  as  oil  of 
rilriol.  The  net  result  of  tlie  chcn\i<.'al  cbangL-s  tluit  take 
place  is  expreoed  by  the  ehtmiati  eijuatien : — 


IIiSO,  +  Zn=ZnSO,  +  H. 

whii-h  is  simply  ihemisis'^liortliandfor  sayin^i  that  !>ttl!>)iuuc 
acid  (HfSOJ  added  to  zinc  (Zn)  produces  ^inc  sulphate 
<ZnSO,)  and  hydrogen  gas  (H).  Probably  the  actual 
changL-^  are  more  (-om|Jex,  but  wc  .ire  now  only  conct-tnL-d 
with  net  K-sullx.  Out  llie  molcciili-N  of  /.in<:  sulphate  and 
hydrogen  liavc  less  energy  of  chemical  sqmration  as  a  sys- 
tem, if  tliey  have  any  such  energy  at  all,  titan  the  system 
of  molecules  of  sulphuik  acid  and  zinc  from  which  ihey 
were  formed.  The  energy  of  chemical  sc|>araIion  whicj: 
h^v  ilivqi.i.,^r.'il  i*  not,  howcx'cr,  df*"'"V'-<l,  but  takci  womi 
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wlicT  ronn.  If  lUc  ex|>crii»cni  l»e  |icrfunn«l  l>y  ihrowmg 
BCRi|»  of  line  inlo  iiw  dilulcd  acid,  the  energy  of  dicmir^l 
5c|>arj(ioti  ihai  dtsj[.[>c.irs  aMpjivars  a»  hcai  cnciyy,  for  die 
Ibqtiid  and  ihv  coni.'tining  vtr<SL-l  liecDtnc  wnnncd.  Wc  shall 
prescnlly  show  liow  it  may  Iw  made  to  a»iiin<;  an  cletlrioil 
foini  of  cncff.'y,  Imt  iioforu  doin^  so  .n  feu-  liiMiiHral  notes 
on  ihe  rise  and  do-clopmcrU  of  ihis  incthod  of  ]  irodiicing 
the  airrciil  may  prove  intcncslinj}. 


HlVIX)KI<.'Al.. 

U'c  have  Already  (iKkge  14)  alluded  liriolly  to  (.ialvani'x 
im|K>ttant  diwiovcr)'  in  1790.  and  10  WIm*  work,  whirh 
immediately  I'oUovred.  1'hesc  twu  cclcbnttcd  pliilosophers 
lietd  very  dilTcrcnt  views  as  to  ihc  causes  of  the  phenomena 
wiih  which  tliey  ileali.  (lalvani  ascribed  the  effects  to 
"animal  ele<;iricity  "  produted  by  the  ner\*e*  and  niu.tdes 
of  the  fiog  experimented  upon,  whereas  Volui  held  thai  the 
etecirieal  mani  festal  ions  nere  due  to  ihc  "  contact  force  " 
at  the  metallic  junction  of  the  two  dissimilar  metals  whicM 
he  found  were  neiessaty  If  only  m-o  parts  of  the  tame 
muscle  were  toudwd.  With  die  s^ubsliluiion  of  "diemit^l 
action  "  for  animal  electricity,  the  controversy  hascextcndcd 
down  to  the  jircscni  day,  and  though  in  the  intervening 
yeUB  many  points  formerly  hotly  roiHesteil  have  been 
seilled,  there  arc  still  some  outstanding  {iroblcnis  ujion 
which  ph^-skistf  are  not  yet  <iiiite  agrcc<L 

In  attcmjxing  to  prove  hii  point  that  electricity  was 
Actually  developed  by  ihc  coniaci  of  dissimilar  meuls, 
Volta  iiircntcd  the  condensing  elci:irosco]ie  shown  in  Kig  1, 
This  consists  of  two  circubr  metal  plates,  the  upper  one 
attached  lo  an  insnlatin^;  handle,  whilst  the  lower  one  is 
fixed  to  a  Ifrass  rod,  which,  pacing  through  the  neck  of  the 
glass  globe,  supports  two  gold  leaves  at  its  lower  end. 
Two  tods  of  different  metals,  say  copper  and  zinc,  arc  now 
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soldered  together  end  to  end  wi  ns  lo  fnnn  a  single  con- 

poun<I  rod.    TKe  unc  ewl  of  litis  rod  is  hchi  in  one  han<l 

an*)  ihc  co|)|ieT  md  is  brou^jht  into  contacl  with  the  ton-cr 

plate  01'  tlie  cIcctro^copL- ;   tliv  u|>|ivt  pl.iic,  whi<h  at  the 

lime   is   retting  tipon   the  lun-er  pUte,  is  I(hi<:Ii«)  for  .in 

in-iL-ini  with  the  oiImt  hand,  which  is  (hen 

1  removed.      The  mcln!   rod  bcii^  taken 

I  ■u'ayi  3nd   the  U|i]K;r  plate  liftc<l   by  its 

I  inuilatitt];    handle,    it     is     found     that 

I  (lie   leaves  of  the   clccixoscopc  diverge, 

'  —        jMlicnlint;.     at    may   cjsily    he    Khcwn, 

liiai   the   pUte  and  leaves  havu  liei'otne 

Llurgcd  with  so-called  ncsalive  elcctrieiiy, 

\''olta  also  found  th:it  if  ibe  (iblc  of  ihe 

electroscope  «eie  made  of  copper,  and  if 

the  end  of  a  rod   of  linc  uerc  brought 

down  u|)on  it,  but  with  a  piece  nf  cloth 

incHKtened    n-iih   acidulated    water  Inter 

posed,  tlic  same  efTccl  has  produced. 

l-'roin  th»c  experiments  Volia  con- 
chidL-d  that  an  dcirlric  Untini,  or  as  nn; 
now  call  it,  an  f/fftrvmc/n-e  ferer,  is 
dcvelojKd  whenever  two  inert  melal.s,  like 
cop|)cr  and  zinc,  are  brought  into  coiitart 
He  ipiite  overlooked  some  of  the  attend- 
ant eircumstanccs  of  tlte  above  ex|wii- 
mcnis,  more  especially  the  action  of  the 
moisture  of  the  lund  on  the  tine  in 
and  of  the  acidulatiH)  water  on  il  in  tl»e 
In  fact,  in    1795,  Wells  had  shown   that 


tlie  first  case, 

second  uise. 

the  presence  of  certain  conducting  liquids,  notably  the 

niinital  niids  and  water,   in  contart   with  the  dissimilar 

uivtab,  was  ntces-iuty  in   th<;  Kiictess  of  the  experiments. 

VoItA  also  overlooked  the  &cl  that  in  the  air  of  tlw  room 

Ifae  two  metals  were  surrounded  by  an  oxidising  tnediun) 
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wlitch  woulil  icnil  to  ad  more  sirengly  on  thv  i\rx  ilum  on 
lliL-  co|i)>cr. 

Fnlliiwing  iii>  these  cxiicriinvnti,  Volu  rMiiml  ilial  the 
oliWTVcd  elin^ts,  whvlher  elcclrosi:<>|>i(-  or  iDu^mlar,  ncrc 
««rr  niucli  incrcawd  \>y  iiicrcasiim  the  number  of  mel:illic 
I  Junctions  in  the  ronduiriing  arr,  provided  th.i(  ilic  l-ikU  nf 
the bi-mc«l|ie  iik-ies  wen;  lonnotcd  by  bi|uift  ("inliniors. 
'Ilu.'  conditions  tA  ibis  cxpeiinKint  will  be  l>cAt  iindcmtooil 
I>y  rcfcrenre  to  l-lj;.  i,  which  is  rei)roihnx-»i  from  one  of 
Volta's  lupcrs.  He  biwb  it  the  i»nn!  of  the  "Crown  of 
Cups.*    The  .irchcd  bars  QttZ  are  formed  of  two  dilTereiit 
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metaU.  the  part  i'.a  being  of  copper,  and  the  pan  a?,  nf  linr. 
I'ht  cups  contdiu  pure  water,  or  salt  water,  or  \ye,  ai>d  it 
will  be  obsei^-ed  that  into  cacli  of  them,  except  the  two 
extreme  oiks,  (he  inserted  ends  of  two  consccuiivc  bars 
arc  ziiw:  and  copiicr  re%peclivel)'.  'I'liix  atmngcnienl  of 
Volu'it  n  in  fact  Hve  typiea)  arrange  rue  iit  of  a  raodem  mie- 
fluid  primary-  baiter)',  as  will  be  Been  at  once  by  conipatin)t 
It  with  Fig.  J,  which'  iltuMratcs  the  latter.  The  chief 
diflctenee  between  the  two  forms  is  tliat  in  the  mote  modem 
one  the  paru  of  the  metallic  arches  that  are  inttetted  in  the 
liijuids  are  made  of  large  flat  plates  instead  of  being  mere 
continuations  of  the  curbed  portions.  In  the  older  form, 
however,  the  ends  of  the  conductors  iiimicrsed  in  the  lifjuid 
appear  to  be  Itatlcned  out.  AUo  by  the  iiturrlioii  of  a 
single  r.inc  plaie  into  the  jar  at  ortc  end,  and  a  single  copper 
plate  into  the  jar  ni  the  other,  the  contents  of  each  jar  are 
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nudi;  coct))i  aiiuibi  in  ihc  modern  fonii,  jukI  Uk  toose 
wire*  ntcndini;  Troin  these  letmtnat  pUlcs  sire  ready  to 

i  make  the  connections  for 

|t  ^r^^         ''"^  dcfimJ  cx|icTiiiient. 

!Un  Vnlf.i  jiiruliired  « 
very  much  tuore  compact 
form  of  Ills  amngCRient 
!<  lalttt  ronjw-ton 
ill)  ciinnvilnl  l)y 
miiiuurc,  to  whidi,  on 
ai'i'ount  of  its  xtupi.',  Ue 
gave  the  nnme  of  (he 
••  Pile,"  a  njuwe  which  is 
Mill  used  for  balleiies  in 
France^  All  emly  form  of 
ihiK  very  imporunl  piece 
of  a|i|inia(Ui  is  illiistralctl 
in  Fig.  4 ;  the  mcialUc 
parts  consist  of  n  niiinbcr 
ofiliM:!!  of  ^irvc  and  copper 
of  the  same  diamclcr,  and 
these  arc  buili  up  3x 
!ihown  in  th«  figure,  in 
ii'iikh  the  copiKi  discs 
arc  maikcd  C  and  the 
zinc  ones  /..  llie  tiro 
tuetals  occur  allcinaiely. 
'ITic  lowc«  disc-  is  of 
rnpjier  ;  over  this  b  ])1ar.ed 
a  disc  of  Kinc ;  between 
this  and  Ihc  next  disc  ol 
coppct,  hnwirvtr,  is  ioteiinscd  a  thin  layer  of  tanl  or 
Ivnthcr  moistened  with  acidiilaied  water.  On  ihu  is 
pUccil  ihv  disi-  of  cai'i-er,  then  another  of  /inc.,  then  a 
diu^    of    moisteneil    card,    and    so    oil      The    order    is 
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always  /iru-,  moistened  card,  copper,  which  U  contiiiiMlly 
rtpwicd,  'I'hf  numlK'T  of  diMK  ihtii  c.tn  be  ii6cd  U  only 
limited  !»>■  inwfianical  roiMidcratioiu  of  the  Kinbility  of  ilm 
liile,  and  in  xteady  il  die  four  vertical  rods,  m,  m,  nix-ii  aX  the 
Mdes,  are  used.  These  must  be  of  non-coiiduciinK  maieriftl. 
It  is  found  that  the  cicciric  ptcssurt*  Iietwccn  the  lowermost 
jrin<;  plate  and  the  HpiiermiwI  co]>pcr  h  jMopoitional  to  the 
number  of  "  dcmcnw,"  roiisixting  of  xmc,  moistened  card, 
copper,  whi<h  make  up  the  '•  pilt"  Tlie  vessel  of  liipiid 
runnected  to  the  lowermost  eopjicr 
disc  was  nscd  hy  VolU  to  make  ron- 
ncctionH  fiuni  the  pik  to  exiernid 
apparatus.  In  the  completed  i»le 
a  siiiiiUr  vessel  wiis  connected  with 
the  topmost  copper  <li%c. 

I'lie  final  form  of  the  pile  is 
shown  in  Kig,  j,  where  ihc  sup- 
porting columns  arc  reduced  lo 
three,  which  arc  mcchaiiitally 
Millictent,  and  the  <IUe:i  caii  be 
ctampe<l  tigthily  together  by  the 
woodcii  disc  at  the  lop.  The 
terminal  bc.ikers  of  litpiid  are  re- 
placed by  wires  M>Idcreil  lo  the 
terminal  discs,  and  provided  with  bindint;  screws  for  greater 
convenience  in  making;  connections. 

Volla's  pile,  though  extremely  interesting  liisloiicatly,  !» 
ttot  of  mtK  h  use  a.s  a  eiirreni  iinxiuivr,  iicc-iiisc  the  sheets 
of  moistened  eaid  intetpodcd  between  the  meu)l«  eut  the 
cittreni  down  by  the  high  resistance  {set  page  41)  whidi  they 
offer  to  its  flow.  Etut  ittiproveincn[.s  were  soon  inlrodiKcd, 
which  had  the  eflect  of  iliinini.ihin^  this  resistance.  The 
earliest  of  these  was  nvade  by  Cniikshank,  irho,  in  1801, 
iniioduccd  Ihc  bailer)-  shown  in  Fig.  A.  The  trough  is 
divided  inlu  a  numlwr  of  seiianite  conipartm. nis  by 
ij 
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c(nn|>oun(l  roi^lnngular  sheets  oi  4.-o|>|ht  ami  tine  noVkted 
(Ogothcr  iMck  to  back,  nntl  so  jiUntl  in  the  irou^h  ihxl  M 
(!iv  C(i[>]kers  liin-  to  ihc  ri^iltt  .-ind  at) 
llic  jfinrs  to  Ihc  k'ft.  A  Uuac  sheet 
III  rojiiicr  (C»)  »  fitnccd  in  ihr  tnM 
irinnjiattincnt  on  the  tcft  and  a  Iuohc 
^hcci  of  zinc  (Xn)  in  the  last  on 
the  right.  The  vnrioii*  rnniixtri- 
iiicnl«  arc  now  filti.-*!  nitlt  diluir 
^ul|ihtiric  acid.  On  comidcraiion  it 
will  be  Hccn  dial  this  is  simirly  a 
\u\U's  |i)lc  Kt  iHimufit.tlly,  .-ini] 
with  Ihc  moisli-neil  cml  nTluttid 
by  dilute  acid,  w)iich  is  a  much 
bctk-T  condiKloi ;  it  therefore  givce, 
uodLT  Ihc  same  vMernal  i-intim- 
aUnces,  a  much  siiongct  current 
than  a  |>ile  eoosislinj;  of  the  same 
number  of  plates  of  xJnc  and  copt>er  > 
but  the  currciu  soon  f;ilU  off.  More- 
over, there  is  coiiKi(Ii-T.-il>lc  ( hemicil 
action  when  the  Ixiltvry  in  not 
sending  a  current,  and  to  avoid  lliis 
the  acid  i^hoiild  be  emptied  oiil  when 
ttie  tmtcr}-  is  not  in  ti.sr. 
In    1815    Wulbston   introduced    the    mac'h-im|>rurc(l 
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LuKcry  §hown  in  Vi^  j.  Iiisicad  or  Cntikslianlc's  single 
(rough,  diviOcd  mtwc  or  k-ss  coinpUlcly  inu>  sejiarate  i'otii- 
{ummcTilA,  WiiIi.iMon.  ruliimint;  lo  Vu!lV§  iwlici  form  (Fij(. 
It,  UKii  A  Mjnraiv  4:clt  [in  this  >mc  o(  ^\as%  or  {lorrcl.iin) 
for  each  pair  of  plnlea,  n  (iraoicc  w^iich  )uk  ev«r  since  liccn 
univi-rsalljr  (Dllowed.  The  pljtcs  tlicinsclvts  tonxiited  of 
tecinniiuUr  ttlocks  of  «nc,  1 1,  und  U-sbopcd  sheets  of  itiiri 
copper.    Tlw  ju'bc  of  one  cell  was  joiiu'd  to  the  copper  of 


wit,  f'  -WtillitUiMi't  llMliiy. 

ihe  next  by  a  band  of  copper,  m,  and  kcpl  from  touching 
Ihc  cop|x.'r  of  its  om  rcll  by  8tri]»s  of  wood  ufiicli  were 
wwlged  in  between  tJicin.  The  copjier  bands,  m,  were 
riftdly  aiuched  to  the  wooden  framework,  K.  so  tliai.  when 
Dot  in  UK,  w.i&tcful  clicmical  action  could  be  slopped  by 

i  lifting  the  plates  bodily  out  of  (he  ari<l,  a  plan  mtich  more 
convenient  than  eniplying  the  acid  out  of  the  cells. 

In  Wollasion'i  cell,  die  jictuliar  shape  given  to  the 
coppci,  by  which  it  almost  comjilctely  surrounds  the  zinc, 
tends  very  niucli  lo  diminish  the  intcnial  rctislnivce  of  the 

i  cell  by  Ihe  inovjised  nost-scction  of  the  path  along  which 
Ihe  current  iravelti.    This  idea  was  carrkd  funlK-i  in  i8ji 


J'- 


IhS  El.ECTSU:  CVKIIKST. 


by  H.ir<:,  ol'  l'niladelt>lii.i,  He  pliK^ed  a  largo  sheet  of  niiK- 
on  a  large  sheet  of  <;iippi:r,  and  separated  tlictn  from  one 
an  Jther  l>y  n.irrow  sirijn  of  tloth  :  lliesc  wi-ro  then  rolled  up 
as  !tl)uwn  in  jilan  iii  the  luner  ]Kirt  uf  Kij;.  S,  and  niounu-d 

over  a  trough  of  aikl  into  which 
the  roll  could  be  lowered  when 
n  curtent  was  required.  On 
iiccoiimofilK  very  low  r^^^istanirc, 
due  to  \\\t  lar};c  Mirfa(:e>  of  cop-^ 
per  and  einc  oiid  ihc  shon 
disiancc  liclween  them,  this  cell 
t  otild  give  a  very  Iaij[e  currrnl, 
which  cxhiliited  {touerful  healiiif; 
effects.  The  cell  was  therefori: 
known  as  Hare's  l>cflngrator. 

In  all  the  above  CcDn,  «rnst< 
fill  chemical  action  takes  ptac 
if  the  plates  are  left  in  the  liquid 
when  no  airreni  '»  being  Ukcr 
from  them.  Thi.i  defect  h  tech- 
nically known  as  "  local  action,3 
and  is  due,  as  we  shall  presently 
see,  to  the  fact  that  the  surfaces 
of  (he  /in<-  plates  are  not  of 
unifotTO  hardness,  and  also  iliat 
minute  impurities  arc  embedded 
in  then),  Slurgcon,  jn  iSjt 
discovered  that  this  local  actio 
could  be  very  much  diminishc 
by  "amalgamating"  the  zinc  i>latcs  with  mercury.  To 
iiwf,  ihc  plates  arc  fail  cleaned  by  dipiHng  them 
moderatety  strong  sulpJiuric  acid,  and  then  mcrcur 
is  rubbed  over  their  surfaces  with  a  rog  tied  on  the 
end  of  a  stick.  After  ihix  timtnicnl  a  much  more  unifu 
sitriiiice  U   i-iiuiM-il    to  i)ie    action    of    (Ik-    .tiiil  :ind    th 
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umr    it  not   alt.irkcd    so    vigorously    when    nu   ciirrcnl   is 

flowing. 

Another  I'niilt  in  ihuse  early  cell:}  is  ttic  rapid  falling  off 
tdTthe  current  in  the  finx  few  minutes  after  the  external 
Fcfnuit  i^  com  I'll- ted.     This  is  due  to  "  pobti  nation,"  which 

was  fir.t  >uc4-cs>ltilly  dealt  with  hy  t'anicll,  who,  in   i8,jG, 

jfioduccd  a  cell  which  li  still  largely  used. 


^ftl|tian 


KxiMJiKATiON  or  Tkrms. 

Ileforc  wc  tleriilic  ihe  moiKm  I'otms  <)r  g.iWanic 
batteries  wc  mUM  expbrn  a  few  of  ihe  leimn  which  we  sh.ill 
frequently  have  oeca&ion  to  list.  Hitherto  wc  liave  only 
tpokcn  of  ilic  "  electric  [iressurc  "  between  the  two  ends  of 
Volta's  various  contrivances.  Wc  must  now  indicate  »liai 
this  means.  Before  Galvani's  and  Volta's  diKovcrics.  the 
only  methods  of  obtaining  elcciri<fll  cITccis,  in  addition  to 
lbo*e  dtie  to  lbun<lerstorins,  &c.,  deiiended  H|ion  the  friction 
of  s-arioug  bodica  called  "cleciric.%."  By  these  ineani 
iji»ibted  conductors  could  he  ch^itgcd  with  wli.it  was 
called  ekxiricity,  which  in  all  these  early  ex[>criinents 
ceruinly  behavcK  a*  if  it  were  an  incomjiressiblc  fluid. 
Pninklin  regarded  soc^Ued  posithtty  charged  liodiex  ax 
[xwscssini;  an  (xettt  of  this  fluid,  and  the  so-called  nesaliiuly 
charged  bodies  .is  being  Jefrnyii  of  p-in  of  their  j)roper 
lily,  whereas  unchaif;ed  Iwdies  simply  |w»«sf  a  normal 
amount  of  iL  'I'his  is  the  view  which  is  moat  in  acrord.inee 
with  mo<IcTn  ideas.  Hy  nicAns  of  the  elTects  tliey  |>ro<)uee, 
the  various  charges  wetc  capable  of  more  or  less  exact 
measuiemenL  Mm  when  a  conductor,  dianccd  with  a 
c«nain  <)Uaniily  of  positive  electricity,  is  joined  !iy  a  metallic 
wire  to  a  conductor  cliarged  willi  an  f^/iitil  qujiniiiy  of 
ncgaiivv  electricity,  all  tr.ice  of  electrical  action  disnpjKrani. 
This  process  was  called  JhiAarxrnx  the  eonducjors,  and 
during  the  operation  electricity  jiassci  along  the  wire  from 
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tlic  (HMitivul)'  chiirgcd  body  lo  thv  migntivdy  clinigod  bodjr. 
niii  |i;ivvij;<;  coiislimtci  ihc  *it>-cjlU'(l  (Hrretit  ^  tltitrieityt 
nnd  Ihc  iiiiinvdiiitc  inHuendng  cause  of  the  flow  at  the 
elcelricity  w«  tIic  dtilrU  fiint  or  frttturt  which,  before  the 
bodies  were  Joiiml,  had  bc«n  Mt  up  l)«lwccn  ihtiin  in  the 
[vocen  of  chaiginji. 

Noil',  i(  Ihc  conduciars  joined  to  lli«  Iwo  ends  of  a. 
voluii:  )>ile  arc  L-iuniinod  for  clc^irici)  t-flixts,  it  b  found 
thill  the  one  )Dinc<l  Id  the  coii]>e>'  end  b<;hiivcH  ok  a  body 
feclily  rlinrgtil  wiih  |)ot>ilive  i-ltclr icily,  am!  thai  joined  to 
ihe  /int:  end  Ik'Iiuvcm  as  a  body  feebly  i'Kiirtji;d  with  iiegnlivi: 
eleclrii'ity.  If,  lliercforc,  these  two  tiodies  are  joined  by  a 
cofHiuciinx  wire,  a  cuirent  of  ideclricity  NhouUI  flow  fmra  ihe 
cu|>|ier  to  Ihc  xinc  ;  and  such  is,  in  fact,  ihc  case.  Itiit  WMit 
occurs  Ihtf  [ihenoinenon  in  which  the  |>ilc  differs  from  ihe 
older  niulhodl  of  i»:oiIut:ing  electrical  eflTeitS. .  If  the coii|tiT 
nnd  zinc  ends  be  disconnected  they  will  be  fouitd  to  be 
Klill  churgcd  with  as  much  cicctficil)- as  at  fir^.  instead  of 
bcinn  di.sclurgcil  as  in  ihc  exiierimenl  previously  dcsciibcd. 
In  fact,  if  an  tlteiramtter,  which  is  nn  insirunient  for 
measuring  electric  jnosure,  be  applied  In  the  cojiper  and 
xinr  endt,  even  whilst  joined  by  a  conductor  it  will  be 
found  that  there  it  .i  difference  of  chictric  pressure,  or,  as  il 
is  mu;i%  callcii,  a  difference  ej  tlettrie  foIaifiaJ  between 
Ibcm.  No  such  diflerence  of  poteiitbl  will  be  found  after 
the  connection  \s  made  Ix-lwccn  the  jiosUivcty  and  nega- 
titely  clurgcd  bodiis  referred  lo  in  ihc  last  [wrA^raph  Now 
elcclt»:prc»ure,(Tpotoatialdiffereace,huH-cvt:r]>rodni^.iJ, 
ine:asures  simply  t/i/  tendency  </  rlflrii-iJy  it  fi.t,'  (rout  the 
pMHl  where  lUt  pt-UNlial  if  high  la  Ihe  p,-iat  when  it  h  UKtr. 
The  How  will  always  lake  place  i/  a  (oaJuctinn;  path  /v /iv- 
rided  httH-etJi  the  tw^  fviulf.  By  a  condiiminjj  paih  i* 
meant  ii  path  along  which  electricity  can  How,  and  il  i«  a 
mattcrforcx]k-riracntiodccidctthainutcii.<'  '  ihls 

pnlh.     It  follows  that  a  cominuoos  flow  of .  :  be 
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iig  iJai-c  alonx  the  ronfludint;  wire  from  the  <:apper  to 
■he  itinc^  in  other  words,  ilierc  is  a  coniintioii<(  tltdrie 
rurreat  along  the  wire.  In  fact,  the  |>ilc  rciieus  tlic  ])Olcnlia\ 
Jiffctcmc  jit  the  two  i-nds  of  ihc  wire  as  rapidly  as  it  is 
dL-MrQ)cil  by  llic  lluw  of  the  clcati<:  charges  A\onf,  lliv  wire. 
In  lhi>  way  a  cuntinuiiiis  currvnt  of  elwrtncity  ix  maiiitaiiied 
in  the  mre.     But  we  hxra  already  seen  thai  a  eoiiliniious 

I  elcctru;  cunent  can  only  lie  nininL-tincd  l>y  an  cxiicndittirc 
of  «neri;y.  In  ihiK  taxe  the  pile 
i>ii|i|ilicii  (lie  enertiy  whirli  maintains 
the  mrrent,  and  ihi.4  energy  is  nb- 
laincd  from  the  slow  oxidation  Of 
burning  anay  of  the  7ine,  diietu  the 
action  of  tlw  ucid  in  tlic  moiMeiud 
card  u|>on  ii. 

The  iy|tic:il  simplevohaic  telH  l-'ig 
9)  bcluvct  in  exactly  (he  same  way. 
If  the  conducting,'  wire,  C/,  he  re- 
ntoved,  it  will  be  found  that  the 
ends  C  and  Z  connected  to  the 
plates  arc  feeWy  chained  with  pmi- 

I  five  (  +  )  and  neg.it  ive  (— )  elcctri<:ity 

I  respectively,  and  tb-js  when    they    ^.^^  t,^<.i  voiuV:  wr, 
arc  joined  n  current  of  ctcetricity 

liowN  from  C  to  7„    ,\\  in  ihc  pile,  the  nirreiil  eontinties 
to    ttow    liet-uuse    the  <*har):i.-s  at  C  and  7.  ate   rencmed 

.as   rapidly   as   ihey  are  diM-harKi'd,   and   ilic   inerfsy   of 

I  the  current  is  supplied  by  the  slow  comhusiion  of  the 
line  in  the  icll.  Itiit,  as  we  have  already  said,  eU-flririty 
behaves  oa  an  iivcoitipietsililu  lluitl.  If,  iliiiefore,  it  is  cun 
linually  Rowing  from  C  lo  Z  it  eaniiot  Accumulate  at  Z,  but 
must  retiini  to  C"  by  the  only  other  conducting  ]wth  ojicn— 
namely,  down  ihe  zinc  plate,  /.n,  throtigh  the  Eicjuid  to  lite 
copper  jilate,  Cu,  and  thus  back  to  C.      Ihc  batieiy  thus 

,  behaves  as  a  pump  wlii<-h  n  roniiniially  pnnipinit  elccttiriiy 
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rutifxl  ihrt  rin-iiii.  Hut  whereabouts  in  the  circuit  is  ihe 
pump  diluatcd?  We  luvc  si-cn  llul  th«  rtifrgy  of  the 
current  i«  <lcTivc<i  ftym  lliv  nhtw  coiiibti^tion  of  the  xiiic.  It 
•nrniK,  ihcrcrore,  iiniural  to  MipixMe  that  tltc  tlriving  jxiwvr 
which  )i(imp«  ihc  electricity  round  tiic  circuit  t§  §iliialc(l  at 
the  place  where  this  conit)USlicHi  is  going  on— ihnt  iis  at  the 
Ant   <  i  iii)n    iinilihnt ihki^ihvMr/if/M/i'/i'iYfii' Avc'/nv 

/tra  •  1 14  pii-iNiirc)  in  the  ivl).    'Iliisvien  issui>|»ottc<l 

hy  the  fflcl  fint  tx>inic<I  mit  liy  Sir  Willinni  Thomson  ih^l 
Ihi-  innjiniiiKlc  of  thi:  ctccironioiivc  force  can  he,  at  h»ist 
very  fl))piioxiiii:itcl>',  ciitcubleil  fitmi  Ihc  ihrrmni  values  o( 
the  chrminil  n-nrtion:*  lh:it  tiike  pbct  in  ihc  cell.  In  other 
words,  bini'e  wc  know  the  hvat-vutue  uf  Ihc  combustion  ai 
onv  gmni  or  one  cijuimlent  oi  xinc  and  the  quantity  of 
ciccttkit)'  lluit  in  id  in  motion  when  this  linc  is  t:onauineil, 
wc  cm  cjilculate  Ihe  value  o(  ihe  Undtncy  there  is  lo  eci 
clecuicity  in  motion— lh*t  is,  ihe  ele<ltvmotift  /«tu,  or  the 
(Ittlrie  (>ottnlial difffTtna,  or  the  titdrk ^raturr  tltvclofied — 
when  /ine  i-t  hrutighl  into  contact  with  an  oxidiitiitj;  medium. 

IThb  elci-iroriioti\"e  (<>fcu  alwayti  atts  in  ihc  direction  frvm 

"the  line  iDJcaiJi  tlic  oxidising  medium,  and  is  meaMircd  in 
terms  of  a  unit  called  the  Volt,  which  for  the  present  we 
Khali  Kimply  rejiani  as  a  unit  in  which  cWiric  pfcwiurei  cjin 
be  measured.  It  will  be  acriinilcly  defined  bter  on.  In 
|he    same  way,   Ihe  electric    potenttat-dilfereiKe    existing 

'  between  any  oxtdisabic  body  and  the  oxidising  medium  in 
which  it  may  be  pbccd  can  be  calculated  {s«  page  45},  and 
this  U  always  stich  ihat  wlien  the  circuit  is  closed  the 
cledrtcity  ten<ls  to  Row  from  the  oxith&ing  medium  lo  the 
oxtdissMc  body  in  the  external  part  of  ihc  ctrcuil,  and  (n3m 
Ihc  oxidisable  body  to  the  oxidising  medium  across  ihc  junc- 
tion. Now  copper  is  oxidisabic,  but  not  a>;  easily  as  zinc. 
There  is  iherelore  an  electric  pieN-sure  at  ihc  roppcradd 
)unini<m(Kig.  <>)  lending  to  drive  elociridty  from  th«lii)uid  to 
the  copper  round  any  extemat  circuit,  and  from  ihe  copper 
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into  the  liquid  across  ilic  junction.  Iliia  pnssurv  acls 
■itHainKt  the  pressure  at  the  sine  acit!  junction,  and  is  a  dix- 
advunu^c,  m  ihf  i^ffei-iivc  iir-rssiirc  in  the  i^irciiii  c,in  thus 
vnly  l>c  thv  ^lilTciL-ncv  of  the  |>n;«urei  :it  the  two  junrtiiins. 
ttu  as  irwc  had  two  puntpsat  worlt  in  the  drc-uil ;  a  strong 
one  M  the  zinc-acid  jtmctinn  pumping  the  dntricity  loimtl 
In  oi>c  direction,  and  a  ftvblcr  one  at  Ihc  oniiiicr-jrid 
jiinriiun  tryinK  to  [itioip  it  roiimt  in  the  opposite  direction, 
aiid  ihifctbre  dimliiiahiri};  the  How.  We  shall  return  to  tlic 
'  considcfatiori  of  lhi&  ]>r>int  again,  but  meanwhile  wc  inuM 
caution  our  icailers  that  the  abovt  view  of  the  position  i>f 
the  tleiln>-m<ftixt  forff  in  tlio  voltaic  einiiit  vt.  not  held  |i)'  .-ill 
(ihyKicitiU.  Some  fullou-iiig  Volta's  idea* of  "Contact  Forse" 
con9i<ler  ihc  electro  motit-c  force  as  placed  at  the  ])oint  Z, 
where  the  dissimilar  mctah,  the  copper  of  thi;  conducting 
wire,  and  the  xtnc  plate  of  the  hattery.  are  in  contacL  'Hie 
]>robluin,  though  at  I'lr^t  sight  extremely  simple,  is  not  easily 
settled  by  direct  ex]>etinient.  A  full  discussion  of  ilic 
various  arguments  in  the  controversy  would  lead  us  far 
l)c}'ond  the  plan  of  this  book.'  All  authorities  arc,  how- 
ever, agreed  th^t  the  fturgy  is  taken  into  the  circuit  at  the 
xinc-acid  junction,  and  is  due  to  the  combuKlion  of  llie  nn<r.. 
This  is  the  main  fact  to  ki^-]>  in  view. 

Rtiistame  is  another  term  that  wc  shall  frequently  use. 
li  IS  found  thai  the  magnitude  of  the  current  that  flows 
from  C  lo  Z  (Fig.  9),  when  they  arc  joined  by  a  conductor, 
depends  upon  the  Jimfnsiims  and  aiaUrialo^  the  eondiir^tnr. 
If  a  short  thick  eo)>pet  wire  )>c  used,  a  greater  current  will 
(•osf  than  if  a  long  thin  one  be  cni!>]oyed,  for  an  increase 


'  Tbc  UuiUot  wlw  euet  to  punae  tkc  tubjctt  will  find  tl 
extuiuiltvly  iknlt  wiilt  in  a  fiapet  \ff  Dr.  ().  J.  LoilGe  "On  the  Si-at 
of  the  Electro- iniHi*c  For«  in  a  VolWicOll"  {H^  /mmai  tf  lit 
Setirifff  Tel/xTafii-F.«vimn.\t}\.  \ii..  r 885,  pp.  l«6/f  wy.).  The 
antuinciut  n|;aiml  Dr.  Loilce's  ne«>  will  be  (uueiI  in  ilie  itiKimiao 
ithleli  Mlowtd  tbc  trailiog  <A  Ibe  ia)>er. 
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o(  lengili  irxTvuci  the  rcnisUincc.  whereat  an  incnsue  of 
ihkknciM  (liminiUivs  it.  Ajiain,  with  ii  copper  *ixe,  n 
fCmtcr  current  i»  <>htain«d  ilian  with  ;iii  iron  or  (icrroan- 
lilrer  one  of  ihc  same  dimensions.  The  physical  pio- 
prrty  of  ihc  rondiiitor  which  ihiis  inllucnccs  the  nirrci 
ii  iijllril  il*  nmianff,  nnd  tht;  lower  the  tc^i^uncc  th( 
KTMler  in  the  ctirrvnt  set  u[»  in  the  case  citeil.  lltit  the 
pUtci  anil  fluid  of  the  i-eli  are  also  part  of  the  ciicuit,  ami 
have  lu  jirovidc  |>Bn  of  the  jMitH  for  the  current,  vrliici 
cxitL-rimcnt  i-lrowTt  in  affwled  l)y  aiti-riiig  the  si/e  t>f  the 
plate*  or  llic  conccnttatiun  of  the  liciuiii.  There  i-i  thus ; 
internai  n$htame  in  a  voltaic  cell  which  aflccts  llie  ru(j 
Itide  of  the  curtcitt,  .and  when  laigc  currents  arc  reqtiir 
thi«  Internal  re»iKiance  should  be  ntailc  a»  small  as  ponsihtu._ 
1'he  unit  in  which  icsistance  is  measured  is  called  the  01 
{Set  [wgc  376.) 

li  K  al«o  imjiorlant  to  timlersiand  clearly  the  Hmnene. 
tun  usually  cm))loyed  in  refciHnp;  to  the  various  ports  of  a 
voltaic  cell.  W'c  have  seen  that  insittt  Ihc  cdi  the  currcrl 
Howx  from  the  plate  at  which  the  chemical  action  is  more 
energetic  to  tlie  pbte  at  wlwh  it  is  less  enti^clk.  Thus,  in 
Fig.  9  the  current  insi<le  the*  cell  flows  fron)  the  linc  jibti;, 
Zn,  to  the  copper  pbtc,  Cu.  The  former  is  theicfore  called 
\Ak /^ilat  {or  +)  plate  of  the  haticry,  and  the  iMtcr  the 
HfgathY  (or  — )  plate.  But  tmtuJf  the  battery  titc  current 
l)un>  from  the  terminal  or  ^Uiimlr  C  ronneited  with  \\ 
ne;;ative  pl.tte  tn  the  eleiirode  /  romieclcd  with  t^ 
potiiiivc  plate.  'I'he  former  electrode  is  tiiKreforc  called  tb 
positive  (4-)  leiuiiiial  of  Ihc  iKitteiy,  and  iho  lallet 
negative  (— )  tetrninal.  Thu^,  the  Hr^DliiY  hnmitai 
tluirvdt  is  iwine^:lc<l  lo  tlic  f^nsiliiv  fi/al^,  and  the  faiUii^ 
tennina!  rr  rfeetrvJe  lo  the  lex^ilin  fJate.  Tliiit  sontetJc 
leads  lo  confusion  among&l  those  who  arc  unoccusiomed 
luitlerics.  bill  the  distinction  is"  ' 
be  ftxerl  on  the  diri-<'iiiin  nf  ilt< 
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nf  Ihc  circtiil.     The  names  o(  lh«  pialet  have  reffrcncc  lo 
|||m  courtc  or  the  curreni  tuiide  the  cell,  nhrrcat  (tie  ii3ini.>s 
uf  the  ieri))ii)(ih  or  flettrt^d  Kavc  reference  to  the  course  of 
tlie  I'tiiitiit  cuiiidt  i)ic  cell. 

roLAKiSAiroN. 

The  battCTH-s  we  shall  next  (leix:ril>i:  luve  nioxt  erf  ihcm 

ileviied   with  a   view    lu   ovcrconur    nwrc  or  less 

ipletely  one  of  ihe  mini  Uoublesoine  drawbacks  of  the 

fly  batteries,  namely,  "  )>olarisation."    The  few  cxcc|>lions 

rconsbi  of  batteries  ilcviseil  fur  spi'ci.-it  [)tir))OEcs,  where  cither 

^  (lohrisaiion  is  in  itself  imnuiL-ii.-tl,  or  where  nnly  vcr)-  snnnit 

ctitrents  are  rctjuircd,  an<l  ihcrcfone,  a»  wc  shull  sec,  very 

little    pulartutwn    can    lake    i>litce.      In  bat[eri»  which 

*'  polarise,"   the  current  is   not    long    maintained  at  the 

ilrengib  which  it  has  when  the  circuit  is  first  closed,  bui 

Ifills  o(r  at  first  rapidt)'  and  sfterwaid.t  more  slovly.     The 

h^r  the  initio]  current,  the  more  rapid  is  ibi^  falling  off. 

The  evil  is  due  to  one  of  the  fundamental  pro|)eTtics  of  the 

ctirrcnt,  namely,  ilie  chciiitoil  effect  which  is  always  jiro- 

duccd  when  a  current  of  electricity  jtasscs  from  a  nolid  lo  a 

-  rhcnitcally  compound  licguid  conductor  or  xite  xtnS.     Now 

lUiis  must  always  happen  when  a  galvanic  cell  is  used  as  the 

[Hjuice  of  ilie  cuncni,   for,  as   we  lia^v  already   seen,   a 

|coin[)0und  liijukl  i.s  one  of  the  <isenlial  |tml.-i  of  sitcli  a  rell. 

lawA  of  the  chemical  action  of  tlte  current  iriLl  be  more 

ninutely  consiilcred  in  ihc  next  section  under  llie  head  erf 

["electrolysis,'     For  our  present  puijiose  wc  may  biuadly 

Ue  that  where  the  current  rnUrt  tlic  tiiiukl  (he  pioduct  of 

dei.oiniwsition  of  the  liijutil  ik  cither  I'^ygf",  oi  {hl«rinf, 

Minic  L-lcinent  or  radictl  which  ca-sily  atiarkh  such  metals 

;!!nc.  lead.  5;c,  and  that  wheie  llii;  i  iitrenl  Uattt  ihe  Hijucd 

\hy4rosfii''  or  some  melaitif  elemenl  is  separated    from  die 

1  (Imulcl  I*  BoUceil  ihM  li)ilrn|^,  ihcsjjh  a  tax,  \*  rq^tdcil  hy 

'  chetualt  as  a  Ar«A«/. 
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liquid.  Novf  wc  have  already  sctn  (pngc^ij)  ihat  ihc  direc- 
tion uf  the cuncJit  iMfti/t  the  typical  cell  (Fig.  9)  ix  fioti^  rJnc  to 
a)i>[>cr,  or  fron)  the  mcUit  tnoKt  easily  atiacltcd  l>y  ihc  li<iuid 
tu  the  mirial  U-nn  easily  attacked.  In  all  the  cclb  wc  havc 
hitlii-iiu  dcacrilied,  tlic  action  of  the  tiirrcni  is  ihercfutf  tucli 
as  10  jiroducc  oxygen  at  the  /inc  vml  of  ilie  cell,  whkli 
dUsolvcs  or  burns  the  unc,  and  thus  »up[>1ie!(  the  energy 
with  which  (he  current  is  endowed.  ISut  !it  the  copper  cod 
the  currcnl,  at  eiery  point  nlictc  it  leaves  the  liquid, 
*c|inrales  oiii  hydrii|;;L-ii,  and  as  hydrogen  docs  m>l  comhiRc 
with  copjicr,  it  adheres  to  the  plate  in  huhbtek,  whidi  are  nt 
flr^l  very  nitmile,  hut  introaM  in  si/«  ax  the  action  continues. 
'I'hcse  but)l>leit  of  hydioi^eii  cut  down  the  cimcni  in  (wo 
wajK.  In  thuJSfft  place  they  are  very  bad  conductors  of 
electricity,  and  act  as  n  highly  resisting  shield  which  iwevents 
the  cuircnt  passing  ea.iily  fiom  the  ti^juid  tu  tlie  copjicr,  and 
thai,  they  materially  increau  iIk  inlerDal  resistance  of  the 
cell.  In  the  sefonJ  place,  hydrogen  is  an  oxidisabic  inelali 
and  therefore,  as  already  pointed  out,  wherever  a  hyilrogcn 
bubble  is  in  contact  with  the  oxtdisii^  It^iuid  there  is  a 
tcndciKy  for  a  current  to  (low  fr<Mn  the  hyilrogcn  into  the 
liqutd,  wlicn  a  conipleie  drcuil  is  provided.  But  tlie 
elect r»-iuutive  force  thus  »ct  U]>  is  o|^>oscd  to  the  electro- 
motive force  at  the  /.inc-acid  junction,  and  therefore  the 
I  eflectivc  ckaro-motive  force  or  electric  pressure  of  the  cell 
or  the  complete  ctrtuit  is  only  the  dilTerence  belween  the 
nnc-acid  electro- motive  force  and  this  hydrot{en'aci<l  electro- 
motive force.  It  is  as  if  wc  had  another  electrical  pump  at 
the  hydrogen-acid  junction  working  Against  tin-  electrical 
putnp  .11  the  :rinc-3C)d  junction,  ami  liying  to  pump  the 
cieclricily  round  tlwr  circuit  in  the  op|>o*ne  direction.  It  is 
tnie  that  before  the  hydroj^en  bubbles  foinwd  there  «'as  a 
back  electric  pressure  at  the  co{>per'acid  juitctiun,  due  to  the 
fact  that  copper  is  ovidisabic  xs  well  as  zinc,  but  the  oippcr- 
s<i<l  clcririr  prewiirc  is  miii:h  less  than  llic  hviir.wcnacid 
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electric  picture,  and  thcrclorc  the  fonnalion  nf  the  hydro- 
gen 1)ul>blcs  is  II  ijrciit  ili«t(lv<tnt,igc. 

It  will  contliice  lo  dfiitncSs  il  wc  hcrt-  give  a  tulile, 
otHAined  rrom  direct  ex[>(;rimentx,  of  ihe  hcai-valuc  in 
"cslciries"  or  the  oxidation  of  ihe  various  elements.  The 
first  column  contains  the  name  of  the  eletneni ;  the  second 
column  ihi-  weight  of  the  tli-ment  in  grams  which  miirt  be 
oxidised  to  produce  the  numl>cT  of  calorics  given  in  the 
third  column.  The  reasonK  for  taking  ibcsc  )>3nicular 
irei|ihts  will  he  considered  in  the  next  section  (i»gc  30.1). 
I1  may  be  stated,  however,  that  they  are  the  r.A;//;*?  neights 
•hich  enter  into  the  chemical  changes  with  which  we  .tre 
dealing.  The  Ust  column  coniains  the  clecljo-nioti\'e  force 
or  ck-xtrk  (wcsture  nhitli,  wlienever  the  ekniciu  is  im- 
mersed in  an  oxidising  medium,  acts  from  the  element  to 
the  mcdiun).  These  clcctio-motivc  forces  ate  calculated 
from  ihe  hcatv.ilnes  by  a  method  i\m  pointed  out  by  Sir 
William  Thomson. 


TAaij:  I.— Ht*T«  or  Oxihation   akii   BiKcrNic  PuKwt'Niu  or 


M(Ul. 

»V«M 

Ilcul  ot  0>  Milt  ion 

t]t«(^it  pTe>*iitt*  if. 

Otiil<fnL 

w  Cilufip-- 

4n  Oxidlrinn  \(c(iiui[i- 

HogOCMDIB 

Z4emnM 

•43.900 

3-13  nH* 

PoUHiiun 

78     .. 

139,600 

3-03    t. 

SodloiB 

Mt     „ 

IJ5.60O 

a-os    .. 

C«lclan 

40     „ 

131.0(10 

'■^S    .. 

ZiM 

OSS .. 

85.800 

r»i    .. 

TiB       

S9     .. 

72,ASO 

r-SH    .. 

Ilrdtogro 

2 

6S,4O0 

i-S^    .. 

ItM        . 

56     .. 

6S.i«o 

r4»    .. 

UkI     .. 

S07     „ 

50.300 

1-07    .. 

Cnpprt . 

<>i     ., 

.17- w» 

■81    .. 

Mcrcuiy 

ino     ,, 

aa,Too 

■<s  .. 

Si  vti     . . 

ilO     ., 

5.900 

■"3    .. 

The  above  tabk  gives  only  the  "  heal  o4'  oxidation  "  of 
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titc  various  l-IciiiciiU  Mk-ilnl,  and  lhi»  ncccHsaiUy  ftiU  shcwi, 
;it  iiktady  pointcO  tuil,  of  thv  hcut  Ji-wli>iicil  \ty  tlu-  \w1idIc 
o{  llic  Hicmicnl  .icli<>n  tlvil  lakes  \t\Me  in  a  voltaic  c«ll. 
I'oT  intUiM-c.  in  \V'<>llasion's  cell  llic  xinc  is  conviTt»l  noi 
into  AJnc  oxide,  hut  inio  ^iix*  oxJdi.-  Hut|>liatcd,  r>.,  into 
sulphate  <>r  /in<',  and  t«  ihv  heat  or  oKidnit(>ii  thotild  be 
added  ihc  siiliu-qiicnl  lu-iit  of  Milpliition.  In  order,  there- 
fore, to  fiimifU  fuller  niimctical  dalA  a|t|)1ic«b1c  t(i  rells  in 
whidi  suljihuric  acid  t.i  usctl  as  one  of  the  cxcitinj;  Ii<iuids, 
we  apjiend  nnntlicr  lahle  on  the  "heats  of  «it|>)uitiiin"i)f 
lomc  of  the  inetillic  clcntcnts.  It  muvl  t>c  dcaily  under- 
Htoo<)  that  lUe  nunibert  pvcn  in  the  cotiinin  headed 
"tTalijfifH"  nic  the  resolls  iif  iwicly  thrrmitl  cX|H:riiiicntN 
and  iliat  the  Klet'tric  I'rcasurcs  in  the  next  ci)Jumn  an: 
caUulaltd  Erofli  these  accuiding  to  |>iinci|>lcs,  tlie  discussion 
of  which  would  lead  us  he)-ond  lh«  limits  of  the  [lUn  of 
thi<i  book. 

Tasiji  H.—llKAn'  Of  SULPitATlON  AND  Eutcmie  Pukviiikes 
or  Vauious  Hbtals  tN  StiLiiunxo  Meiha. 


Mtbi. 

_Wt(ahi 

lt«I  UStAittitln 
toCatariM. 

Kltciik  rvi 

t4r«la  A 

78  emBii 

S'lo> 

Moliui. 

I'Dtawluin 

«ll* 

SolUim 

4«     .. 

JIS.7O0 

490 

,, 

Calcinin 

40    .. 

3l')Six> 

478 

i> 

Zln«     

n   .. 

ti->.yx> 

■17* 

'■ 

65S" 

MS-*™ 

i  «• 

.. 

Iroa      

5"    .. 

13s.  joo 

2S8 

" 

C«UU   . 

M     .. 

117.100 

ar. 

i> 

Nkk«l   .. 

S'-'     .. 

1  ?(l.  tiM 

a  74 

•■ 

LMd      -,. 

107     .. 

ni^^oo 

>4i 

'* 

llpiltasau 

'     ..         1 

107,600 

a« 

t« 

Coppct..- 

"3     ., 

9S.I<» 

ao7 

fi 

SUvcr    .. 

-"■     .. 

(•>.*» 

1  w 

" 

■l.< 
(  -I 


Vfaua),  lx>  du  u  iaclvt*   ihi   luM  wl  f«nMllaa  ^   SO* 
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Whilst  ilcalint;  willi  these  numerical  duta  it  wiiuld, 
pciluiirs,  be  well  lo  give  litre,  for  conwnicncc  of  reference, 
the  "  heals  of  fuitonliun  "  of  i  hloridi-s  with  the  tOrrtMivmil- 
iiig  eteclric  |>r(;sMircs  in  rlilorklii^int;  mcitia.  'IhwK  are 
neccMSry  in  a(hlili<m  to  the  forejuoiitg,  beeaufte  in  natne 
wdl  Vnnwn  hniU'rics,  nouMy  ihe  l-ednitchc  {\xtf.e  fn),  the 
£in<:  io  con\-eTie<)  into  unr  cliloiidc  iiKiead  of  xitic  &ul])liate. 
Tl)c  foUovin};  numbers  refer  to  such  bailcries: — 

TABLt  III.— HE.\r^  M   ClILORIUAIION  AMIi  KLRt-Tta'  PHESSUSRS 


M<i<J. 

W(bl>i 

ll»>arOi1vtiktliM 

KlMUk  Prmirti  bi  k 

Utiundikil 



199,800 

CMtridinaii  UdliuDi. 

IVaMium 

4'3I  vo\U 

AijK. 

¥•    .. 

101,800 

4  19 

^HL 

40    .. 

l3j,aoo 

4i>; 

**    .. 

186.900 

4-06 

AhniRiiuni 

>  58.500 
112.S00 

3'+* 

Iron 

100 fiOO 

iiy 

(>>ball 

59 .. 

94,Soo 

30^ 

Nickel  .,. 

S9    ■• 

9J-7O0 

l-Oi 

Tin       ... 

"8    ,. 

Hi.im 

176 

lljiitoBKa 

3      .. 

78iSnn 

171 

l«.l    

»7    .. 

76,005 

i«S 

Ca|i(in 

Silifer 

<3    ,. 

116    ,. 

^ 

1-36 
r*tt 

UcTCUtf 

aoo    .. 

4*9«> 

i-a8 

A  vciy  slight  ciia  mi  nation  of  these  tables  will  sulTioe  to 
show  how  it  is  that  the  effective  electric  pressure  proiluctil  by 
a  Wolbslofi's  cell  (Pig.  7)  is  diminislied  l>y  thcdev>oaiiionof 
h)-dto)i;en  buliljles,  \V'ben  the  <ell  is  new,  and  ihc  »inc  and 
I  cojipoT  both  dean,  ihu  tendency  of  tlie  /.inc  to  oxidise  g,\vn 
an  0 let t tic  prcs^iure  of  1  86  volts,  acting  from  the  metal  lo 
the  liquid,  and  iho  icndcmy  of  Ihc  copper  lo  oxidise  gives 
an  electric  |<r(.-.sKurv  of  oSi  volls,  acting  from  the  copper  lo 
the  h<|u!d.     In  the  completed  circuit  these  [imitucs  oppose 
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one  itnolhcr  and  ]>ro(lu<:e  an  "  eflerth-e "  pressure  of  t  '05 
{i.t.,  r86~o'8i)  %-olis  avaiUMe  for  drivinj;  clcctTicily  rotinj 
ihc  circuit.  Hul  if  iht-  topper  be  rcpbccd  by  hydrogen,  ihc 
dectric  presKurc  nl  the  hydrogen-liquid  juncliiSn  is  1*56 
voltA,  and  ihiis  if  the  imiiierKd  iivt  of  tli«  copper  jtlatc 
bo^Mncs  rompletelj'  covered  with  hyilro;j;en,  (he  effective 
cicrtnc  jwcssiire  in  ibc  ciraiit  will  fall  lo  o'^o  (1S6— 1*56) 
volt-s  or  almui  one  seventh  of  its  previous  value.  These 
figures  are  uken  from  the  i^bleof  t!>c  heats  of  "oxidalton"; 
if  wc  employ  instead  the  pressure*  cotrciipomling  10  the 
hcatH  of  "  Hulphaiion,"  we  find  that  tlie  effective  pressure  of 
t)ie  unpolariM:d  cell  is  ('09  {fjt.,\\(i — 3*07)  volts,  which 
falls  on  po1aris.ition  to  oSi  (i'lS— »'34)  volts. 

The  t.ibU':s3re  further  ii^ful  as  .t  guide  regarding  the 
prohiiI)lfi  elf«^l  U[>on  the  elwlro  motive  force  of  the  rell  of 
suhsiiluting  other  ntetxls  in  the  ]>lace  of  the  xinc  or  the 
coppef.  'ITius,  if  the  linc  be  replaced  by  a  plate  of 
metallic  m.ignniiim,  the  elect  ro-niotiver  force  of  the  m.ig- 
nv»  in  in -acid  copper  combination  would  be  approximately 
4*76 — a'o6=i"7o  volts,  a  much  higher  value  than  when 
;>inc  is  used.  Unforiunatcly,  as  anyone  who  has  used  the 
n).igncsium  light  known,  nugncsium  is  nn  ex|>cnsive  tnctaU 
c/«ting  alxiui  lixty  times  .-u  mm  h  ai  nnc.  If  it  r<iiild  be 
produced  at  a  pri<-c  apprtudiiiig  lliai  of  rxxx,  it  would  be 
largely  used  in  voltaic  tutteries,  and  these  might  lltcn  be 
made  to  <:om|»iie  more  favourably  with  olhirr  mclbod&  of 
producing  the  clpctrir  current,  ihotigh  "  local  action  **  would 
jtro^Mhly  be  lroHble»on>e^  Any  imir  of  metals  in  the  tables 
placed  in  a  li<)iiid  of  the  nature  referred  in  in  the  partictdar 
table  will  form  a  simple  voltaic  cell,  and  tlie  electromotive 
force  in  volts  that  ihc  combinntiun  will  give  can  be  approxi- 
mately roTcloM  by  tiikir^  the  di^crcncv  of  the  numbers  in 
the  last  column  corresponding  10  tli«  two  mctAl»  seteettMl. 
The  fumlanjenial  conditions  neeesian'  for  the  f  1  uf 

a  simple  voltaic  cell  nuy  be  dclined  to  be  the  i<  1  at 
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IcAiii  one  junction  of  a  solid  a.n&  a  liquid  at  which  chemical 
nctiuii  CUD  tukc  t>lace;  thtrc  will  of  netcMily  lie  uootlici 
junction  oi  a  Hottd  uid  a  li<]titil  when  the  circuit  is  ccmjtlctt^, 
uuj  if  chemical  action,  or  even  chciiiicnt  Eirain,  ii>  i)ossibl« 
al  this  junction  a,\m,  it  is  L-«scntinl  ih.it  its  energy  valiit; 
shmiUl  (lifTcr  from  the  t-ncrgy  value  iif  [ht-  di<:nii<al  .idiyn 
at  [he  lintl  jiincliun.  TImtx;  (rurxliliuiia  are  usually  iLillillcd 
l>y  pbcin);  too  iilatcM  of  dissintibr  niuuK  iii  a  liquid  ur  intwu 
(liiTcrcnt  ti<iuids  separated  by  a  [lorous  diaphrafjin,  but  ihcy 
can  also  be  uttitil'icd  by  putting  two  plairs  of  the  same  nicial 
into  tno  different  h<iuiilK  liiat  are  in  comlui  tiii^  comiminiai- 
lion  with  one  anuiher,  jjrovidotl  thai  tfie  cheintca!  uiiioD  of 
one  liguid  on  the  metal  is  dilTcieJit  from  that  of  the  other. 
Such  «  tell  W.18  ilcvJHcd  by  Napolevn  III. 


Modepn  Pplmapy  Batteries. 

Th«  inethotls  b)'  which  polarisation  ha.^  been  reduced 
in  modem  batteries  nay  be  divided  into  three  clauses, 
VU.:— 

(o)  Mechanit;id  methoctt. 

(^)  Chemical  iiiclhod^ 

{()  Elect  n>chcniicn1  methods. 

In  the  tirsl  of  these  the  |X)Iari&iiig  films  aie  teinovcd  from 
the  negative  plate  mechanically,  either  by  briislilng  the 
plate,  m  by  u;tiLatlnt(  the  li<iui<I,  or  b)  usiiii:  ^ome  kind  of 
mechanical  dUlorbancc.  In  the  second,  the  liquid  that 
surrounds  the  negative  plate  contains  some  chemical 
body  whidi  is  capable  of  conibiniii};  witti  tlie  polariMiiiun 
tmbblei  as  they  are  formed,  and  thus,  as  it  were,  itirangling 
the  pobrisalion  at  its  birth.  In  the  hut  rlavf  of  methods 
Uh-  metal  that  it  separated  out  of  the  lt4|utd  at  the  negative 
plate  is  in  a  itolid  form,  and  is  usually  the  metal  of  which 
the  DCgatin:  plate  itself  is  composed,  so  that  the  deposition 
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of  fresh  mtlnl  on  tlic  |>latc  docs  not  alter  (he  chcnical 
conxtilution  of  the  Ifallery. 

\Vf  shall  now  ]>ruct;ed  t<J  des*  ril«  some  of  tlic  lialtcrks 
in  wliich  aUi-ii)|>U,  more  uf  leu  succissful,  hxvc  liccn  ma<Ie 
lo  diminish  [lobiisalioii ;  the  particular  method  adoiMcd 
will  be  |K>int<xt  out  in  each  uuc. 

731/  OanitH  Batltty  and  Us  Ati<Ji/i(ath»n. 

'JTic  liw  siiccossful  attempt  to  corT«;l  the  evil*  of 
pob>i«lioD  was  madi-  by  I'rufusoT  Daiiietl  in  i8j6.    "YYk 


fig.  lu.  -tkuucITi  L'tll. 

Dnnicll  cell,  one  type  of  which  is  illu'ilt.ikd  in  Fig.  lo, 
consists  of  a  »i)c  plate  dipftini;  inlo  citlicr  dittite  sutfliHiic 
acid  or  Elite  Hilphaie,  and  a  cop|>vT  plaie  in  a  solution  of 
nojtpei  sulplialc  or  Uiic  litriol.  The  Iwo  li  " '  w  in 
the  original  lell  n:[iumtcd  by  a  poioiin  |iarliti<    <  _  i^cd 

carllicnnare,  but  in  Kxnc  of  ttiv  special  moiti locations  of  the 
ecll  this  [Kirtitiua  is  ruinoved.  jmj  tlic  iliffcrencc  of  the 
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dcmilicK  itf  ilio  Imi«k!s  i*  idwil  \\\mt\  to  keci»  liit-m  fiom 
iDi\injf.  'nte  ofiginal  fwtm  of  the  ivll  differed  from  tliat 
abown  in  l-'ig.io  in  having  the  LOntninin^  wstct  luiule  ol 
co|>pcf,  H'hidi  romicf]  the  negiitive  |ibt<;;  lhi«  m<.-tho(l  of 
maVing  tlic  containing  vniiet  une  pule  uf  Ihe  liaiti^i)-  is 
ixmsililc,  bec.iiive  when  llic  cell  is  worlcini;  fresh  toiijicr  is 
ooniinu.illy  ilcpusilciJ  on  the  copper  plate,  wliich  thus  gmthi- 
ally  ({rows  liiivkcr  and  docs  not  waste  away.  The  chMpnes.t 
with  whi<:h  ijlnfis  anil  other  eoniaining  vcmcIs  can  he  pro- 
4luccd  )l&s  laiihni  (he  tU'vire  to  !«  geiier.-iUy  alxitidoned, 
dlOligh  from  tiiuu  to  lime  a  iien'  lultcry  uiaki-s  its  siilKar- 
unce  with  il<  outer  vessel  forming  the  ne}{iUivc  plate.  In 
Fig.  lo  C  in  the  copper  plate  dipping  into  a  huliilion  of 
coii|>tT  Milplifttc  coiilaiiiw)  in  tlie  stoiwuari;  jar.  J,  and  /  is 
a  thick.  h<.-av7  rod  of  zinc  in  a  solution  of  diUite  »iilphuric 
acid  or  of  xiiic  »ilphatc  conUiined  1»  u  "  jwroiis  |>ot "  or 
TcBsel,  P,  of  tingt.i/cd  cart hcnu. ire.  W  is  a  copper  wire 
round  one  end  of  wliich  the  zmi:  rod  has  been  cast,  and  it 
forms  one  pohr,  the  negative  pole,  of  the  battery.  'I'he 
external  junction  of  \V  and  7.  should  aIwa>'S  be  high 
enough  up  to  be  quite  out  of  the  reach  of  the  litpiid  in  the 
porous  |K>t,  I*.  A  convenient  ctamp  to  use  fur  iiiakiug 
external  co»ne<;tion->  is  shown  at  A. 

When  this  cell  is  n-otkinn,  th«  (titmual  aelion  \i  a  com- 
paratively simple  one.  Tl>e  copper  siilptwic  ((.'uSO,)  is 
decomposed  in  the  outer  vessel, and  sotj<I  capper  i«de|><mtcd 
on  the  <:o[>i>cr plate.  The coinpouiwl  radiial  stitphion  (SO,) 
set  frev  attacks  a  ncighhouring  molecule  ofeopjter  sulphate, 
Seizing  the  copiwr  and  lihciatin;;  anothci  molecule  nf 
sulphiuti  which  attack?!  an  adjacent  molecule  of  copper 
Mulphatc,  and  so  on  until  the  sulphuric  acUl  is  reached. 
Iliis  in  its  turn  is  nllacked  by  sulfrfiion,  and  the  action 
l>Tocecds  right  up  to  ihe  zinc  plate,  from  which  the  last 
link  of  sulphion  in  the  chain  of  molecules  that  nrc  changing 
panncrs  seijces  an  atom  of  metallic  xinc  and  forms  nnc 
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sulphate  The  above  actions  must  be  regarded  us  uktng 
jiUce  siniulunvouxly  atl  olonjj  the  line.  The  net  result  is 
thai  co|(|jcT  is  (lir|(b&i[ed  on  the  co;>)H:r  i>Utc,  and  xiiu;  is 
diMolv'cd  oiT  Ihc  zinc  pbte ;  the  ^inc  siitjihatc  in  thv 
sulphuric  acid  bi-v:omrs  mure  concent miixl,  and  tliv  iiolutiun 
oi'  co|)|)C(  Mitplutu  IX  imiiuYcrislied.  'I'o  kci-|t  ihu  Utter 
ralulion  u|i  to  itH  full  Mtvnutli  awat  crystala  of  cot>|Kr 
sulphate  iibould  Uc  placvtl  .tt  thu  botloui  uf  the  outer  \-csm.>I, 
ur,  belter  still,  put  on  a  liiik-  pcrtoraied  shelf  just  below  the 
Itrvcl  of  ihe  tuj>  of  itie  liijuid. 

The  K.M.I-'.  of  .1  l>jnieirs  tell  is  found  to  vary  Irom 
tx>7  volts  to  1*14  volts,  according  to  the  dcnsilitfs  of  the 
solutions  uf  coppci  sulpliatf  and  r\w:  sulphatu,  A  rcfvrctKe 
to  Tabic  II.,  \ni^v  46,  will  show  tlutl  the  diifctvnce  between 
the  heats  of  sulphation  of  dne  and  copper  t*  oiuivak-nt  to 
an  dciiiic  pressure  of  i-oy  votis,  a  value  which  lies  between 
the  limits  just  named.  IncrcoK  of  the  density  of  the  itinc 
Kutphaic  huluiioii  slightly  diminishes  the  K.  M.  K  of  the  cell 
whilst  an  increase  of  the  detwity  of  the  coijpcr  »ulpluit« 
solution  slightly  laisi-s  it  I'he  K.M.F.  remains  very  eon- 
sunt  whilst  the  biUviy  '*  working,  for  imkss  ihc  (oppcr 
sulphate  bcconKS  too  wvak  there  can  be  little  or  no 
polaruatiun,  ititiee  solid  copper  is  dejKwiled  on  the  co|>]>eT 
plate  and  tlic  chemical  constitution  of  lite  luttery  remains 
iiiiclun|;ed.  This  cell  L>  therefore  one  in  wluch  an  <ttdr»- 
(htmitai  mit/toJ  is  adopted  to  get  rid  of  polatiutioo. 
:>)iould  the  cupper  sulphate  soluuon  become  too  dilute, 
the  water  may  be  decom]>osed  and  hydrogen  du|>osilcd  on 
ibc  copper  plate  ;  hence  the  necessity  for  having  a  sapjily 
of  crystals  c»f  copiKr  sulphate  in  the  solution. 

TIk  inlcmnl  resistance  of  Ihe  cell  depends  very  Ui^cly 
ii|xjn  the  tenisiaiu-e  of  the  (Kiroxis  jwt ;  it  seems  to  be 
impossible  to  iiiauufaclure  tliese  |>uts  ol  unifonn  resistance. 
\'ns  made  from  the  same  nialetiols  and  luitcd  at  t)ie  same 
liiue   xhuwing    br^e   varuiiions    in    thi-ir    rl-<,i^lancx.      llic 
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resisUince  of  n  y>o\  j  inches  high  and  aI>oui  2^  ind>»  wide 
of  the  type  shown  in  Kig,  ro,  may  vary  from  ^  to  fs 
ohms.  In  the  pcIK  u9c<I  by  the  I'ost  Office  the  rcsislaiKc 
is  nliotit  3'5  ohms. 

Afi>>fiy)f/  Paniilfs  Oils  H'ifkmit  a  Pfrous  Diafhrn^. — 
Many  modificsiiom  of  the  Ilanicirscell  have  been  <JeviH-il 
in  which  (he  iniemni  rexiictance  is  reduced  \vj  rljspensing 
with  the  porous  ilia|>hra){ni. 
A*  alu-ndy  mtiilioned,  llie 
difference  in  the  dfiislties  of 
Ibc  xinc  and  ci>p|>ci  sulpkiies 
RFC  reti«l  upon  to  keep  the 
copper  tidphnte  from  rcathing 
the  vine  plnte,  l>iil  ihi^  deviec 
is  accompanied  with  thedraw- 
hoM-J;  that  the  rell  must  not  be 
rouKlily  mnvitl  .-iliiuil  or  ihi- 
liqiiidi  will  be  mechanically 
mixed.  One  of  these  modifi- 
Cialionit  is  the  I  xicknrood  cvtl 
shown  in  Fig.  11.  In  tliit 
cell  ihc  line  plate,  Z,  is 
Rha|H-iI  xomcwhal  like  a  heavy 
wheel  with  thick  xpokes  and 
rim,  and  w  siispt-nded  from  the 
Xa^  of  the  vcsjel  by  the  thtce  arms,  ir  >t  a  -  it  is  surrounderl 
with  a  solution  of  xinc  sulphate.  The  copper  plate  oonstsls 
of  |wn  spirals  of  stout  copper  wire  ;  one  of  then;  in  ween  nt 
S,  and  the  other  lie*  on  the  bottom  of  the  cell.  Tliese 
plates  are  coimcctcd  by  a  copper  wiie,  and  between  them 
are  ct>sta!K  of  copper  sulphate;  from  Ihc  tipjier  one  » 
cOi])peT  wire  insiibted  with  gutta-peirba  is  led  up  through 
the  li(piid  to  form  the  eAieinal  poaiti\-e  clcclrodff,  C  The 
cell  is  atioiit  1 1  inches  high  and  5I  inches  wide. 

In  the  MeidingiT  cell,  shown  in  l-ig.  ij,  the  copper  pUtc 
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also  consists  ot  u  sjMrjI  of  cop|ivr  wire,  S,  bill  (his  is  |Mit  ai 
the  bultotn  ota  Knulk-i  glon  veuet  placed  inside  the  oiitcr 

I  oil  I  a  in  ill);  vci^^l  of  the 
cell.  Inio  tlic  mouih  vt 
this  tnmliler  ihv  necic  of  an 
inverted  flask,  !■',  is  inserted, 
and  tUi^  flask  is  filled  with 
L-t)stals  of  topper  siil- 
jilinn'.  The  /int  pbic,  Z, 
n'hi<:h  is  rylindric,  rests 
Mpon  a  ilielf  formed  by 
niaking  llie  lower  part  gf 
ihi-  outer  veswl  of  snuUer 
(liunicier  tlian  ilie  ufi^r 
part.  An  insulated  wire, 
C,  is  brought  u\>  from  llic 
coi'pcr  spiral  and  lornis  ihc 
jiosilive   pole  of  tlie  cell, 

altaehed  to  the  iiinc  cylin- 
der above  ihc  level  of  tl»c  tiqiiiil,  is  ilic  negative  Icniiinal 
or  |iole. 

The  b.it  modirioaiion 
we  shall  describe  here  is 
the  Calbnd  eell,  whit  h  was 
developed  (mm  the  Met- 
dinger  in  iS6i.  In  this 
cell  the  cylindric  linc 
plate  either  liangK  from  the 
vpjKT  edge  of  the  outer 
vessel,  as  shown  in  l-'i^.  13. 
or  rests  lipon  a  shelf  as 
in  the  .Mctdtnjjer.  The 
coi.per   plate   is    either   a  >'e....-th,v.ii.«. w.. 

sj>iral   of  sheet  copper  or  a  short  cone  tylifKicf  pbccd 
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rcsbunce  of  n  ]>ot  7  inches  high  aoA  about  2\  inches  wIcW 
of  the  type  xhown  in  Fig.  10.  in:iy  vary  from  ^  to  I's 
ohms.  In  ihf  n^\h  aiml  1)/  ihc  Post  Office  the  resistance 
is  nhmit  j'j  ohma, 

.\todifif4  Danitirt  Cells  without  a  Perom  Diaf^m^m. — 
Many  modifications  or  the  Daniell's  cctl  ha\-e  hmn  (levixcil 
in  which  the  inicmnl  rvMstance  is  reiliice<l  l)y  (ti*|ienung 
with  (he  jmrotis  diaphragm. 
As  alnMriy  ineiitionecl,  the 
(lilTeiVRec  in  ihir  ileneilicH  of 
thr  zinc  nnd  to|i|>i'r  snl|>li.-itcs 
are  rclird  tiixm  lu  keL']i  the 
cojuwr  sulphate  from  reaihinn 
thezine  ))latc.  but  this  device 
is  accompanied  niili  thedtnu- 
bncli  that  the  cell  mtHt  not  be 
roughly  moved  about  or  the 
li'liiidt  will  Ite  mecltanicnlty 
mixed.  Onv  of  thr^e  ittodifi- 
cations  is  ihc  IjKkwood  cell 
(hown  in  Kig.  11.  In  this 
cell  the  xinr  plate,  Z,  is 
&h.-i|;k»1  soincwhai  like  a  heavy 
wheel  with  thick  s]>okcs.ind 
rim,  and  is  sii»p<'n<kd  from  the 
top  of  the  vcuci  by  the  tha-e  nrmx,  a  a  a  :  it  is  surrounded 
with  a  Holulton  of  ^'.iiic  sulphate.  'I'he  copper  piste  rons)«is 
of  lw<f  spirals  ol  slout  cop|>ci  wire  ;  one  of  these  is  seen  at 
S,  and  the  oilier  li«  on  the  bottom  of  the  cell.  TlieKe 
platen  are  connected  by  a  copper  wire,  and  l>etween  ihcin 
arc  crystals  of  copper  sutpliate ;  from  the  Upper  one  a 
cop^  wire  inmlaied  with  gutia-pcirha  is  led  up  through 
Ihe  liquid  to  form  the  csicrn,)!  positive  cleciriKle,  C  The 
cell  is  at>oii[  1 1  im-hes  high  and  5^  inches  wide. 

In  the  Mcidinger  ceil,  stiown  in  Fig.  i  i.  the  copper  plate 
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wwxicn  iray  tvsis  upon  liloclc^  Bup[Kmcd  Iiy  ihc  zinc  of  the 
cell  liclow,  nnci  thus  tho  linlUry  is  huilt  up,  the  v.nc  nf  va 
cx'll  trtitiR  conncfteil  hy  Htrajw  of  lead  to  the  lead  lininj; 
the  wooden  tray  aliove  it.    The  relK  linvt  lo  he  set  up 
whctc   they  nre  to  he  used,   as  they  me  obviously  n 
portable  vriihout  taking  lo  pieces     11iey  :nuat  be  careful 
Ic^'clled  so  that  when  the  li(|iiid«  ^irc  poured  in  they  cov 
llic   plates  evenly.     \Vaicr  or  a  xinr  sulphate  solution  is 

poured  into  the  parch- 
tneniH  surround  in};  the 
vines,  and  rop|>cr  su1ph.-itc 
is  jwured  into  lite  wiltr 
trays.  On  iicrouni  uf  ih' 
tarfje  sutbces  of  the  pluti 
th*  inicnial  ic&ii«tancc 
tlii^  form  of  Danielfs  4'«11 
is  low,  aitd  it  L>  capabli-  of 
giving  a  fairly  steady  cur- 
rent for  a  ron<ider»Wc  time. 
It  was  ti.ic<l  in  mWe  tele- 
graphy for  driving  the 
elect  ro-tnagnctic  motor  of 
sanii-  i^arly  form«  nf  t 
syphon  recorder. 
A  niddificaiion  of  the  Danklls  cell,  very  useful  »hcic 
the  batter}'  has  to  be  moved  about,  or  where  it  has  to 
led  for  long  intervah  wiihotil  attention,  iic  Minntio's  C 
(^'8-  'SV  '"  'bis  *^eU  the  (hwous  (Ii:i|ibr.-iitm  of  the 
ortlirury  l>anicll  is  ic]>laced  by  sand  or  sawduM.  C  is  the 
eopiier  plate  which  lies  at  the  bottom  of  the  cell,  and  has 
aitache<l  to  it  a  flat  strap  or  a  wire  of  copper  coveted  nirh 
gutta-percha  and  led  up  ihrotigh  the  cell  to  ihe  outride, 
where  it  is  the  poiilive  pole.  On  llie  lopof  ihtscopper  ijlate 
is  a  thick  layer,  CS,  of  crj-stals  of  oopiwr  sulphate,  which  arc 
xcnaraled  rrom  the  and  or  sawdust  thai  tHts  above  thcra 
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b}-  lh«  ihtn  oinvM  sheet,  r.  On  ihc  I0|>  of  this  sand  or 
|nwtliutl  n  plftced  itnotlvtr  tliin  ciinvns  stioet.  e,  on  which 
»f«(s  ih«  heavy  rinc  i>!:Hc.  Z,  caU  wilh  a  cohimn  of  due 

ming  from  its  centre,  to  the  lop  of  which  is  alUchcd  ihc 
I  hrass  bimttng  ktow.  R  Ilirfori-  the  innd  or  Ktwcliist  is  put 
lln,  it  flhmild  he  tlani]>ed  with  solution  of  tine  nilphate,  nn<l 
IdAct  (he  cell  has  lieen  made  up  as  above  desci^bcd, 
>«<l(tilional  i;inr  stilphntc  solution  is  |)Oured  ii]  until  it  just 
icoveis  the  llat  pan  of  ihc  rinc 
|]ilite.  Sand  ii  tnoKl  MiiiaSle  for 
'irniioiiary  rells,  and  sawdust  for 
.  those  which  have  l»  hv  moved 
Lalmut.  'Hils  cell  k  used  fr>r 
*  Telegraph)'  in  India. 

Another    form    of  DanicH's 

<ell  will  be  dcscrihcd  when  we 

are  dliciiHsiii)-  ix'IU  siiilalile  for 

standartls  of  R.M.K.   {let  jjcikc 

A'itn't:  Add  Jialttrtd. 
In  these  baiteriet  polartuiion 
b  prevented  by  surroimdinii  the  F;t,,._;:,.„-.cdi 

negative  clement  of  the  cell  with 

strong  nitric  aiid,  which  is  a  powcrfid  oxidiser.  Con- 
[ H-ipiently,  when  the  baltcty  \%  working,  the  hydnigcn  which 
othem-ise  would  be  deposited  on  the  negative  plaie  i« 
oxidised,  and  forms  water.  The  two  i)est  known  an<t  most 
used  batteries  of  this  type  are  drove's  and  Hiinscn's. 

O'rcnr't  CM — A  nrodem  and  comjMCt  form  of  this  cell 

shown  ui  Fig.  i6.    1'he  vine  plale^  ?^  in  bent  into  a  U 

'  shape,  nnd  a  narrow  porous  pot,  A,  rests  in  the  bend  of  the 

U  ;  inside   the    porous   pot   is  a  ihin  f^alinum    plate,  I', 

iSiiTTOuniled  liy  tlrt>»g  itiMc  aeii/.     This  ptate  is  the  iieifntive 

lelcnicnt,  aitd  llius  rejilacres  the  copper  of  the  Daniell'^  cell. 


jS  Tint  MtBCTKK  CVKKKXT. 

Tlie  outer  vevsel  H  fretiuciilly  iiudi;  of  tliiit  cIkmiIic,  which 
is  much  lighter  tlian  gla/cd  carhcnw^rc ;  it  contains  llic 
golulion  of  diliiie  siitphimc  arid,  in  which  the  |>osim-c  xinc 
plulv  is  imiiiutsed,  'I'hc  a(lv:int3)(es  of  ihit  rcll  are  ihat 
it  has  a  A/(;4  E.M.F.  of  alwut  ftj^  voict,  ami  .1  Imo  tHitrnat 
rtthlantt,  which,  in  a  cell  having  the  form  and  dimen^oru 
shown  in  the  figure,  may  Ih  as  small  as  0*15  ohm.  A 
batter)'  of  these  cells  \%  therefote  cn{>ablc  of  proilucing  3 
])Owerfiil  ciiiT<:iil,  xt\t\  such  batlcricswreri-  miKh  used.  l>efo«e 
the  (lynaint)  wa.t  (lcvelo|>C(I,  for  firottucing  the  I'lcrtiic  arc- 
light,  esii»;ially  for  lecture  imtpou-s.  As  (he  battery  urorkii, 
however,  the  current  falls  off.  l)olh  because  of  the  weakening 
of  the  niirir  acid  and  the  replat  eiiicni  of  sulphuric  acid  by 
zinc  uil|)ltate.  The  ixice  of  (lie  pbttnuin  |ilates,  niorcovii, 
makes  the  first  cost  heavy.  The  action  of  tlic  cell  b  that  of 
the  ordin.iiy  voltaic  couple  already  explained,  with  the 
excquioii,  howo-er,  that  tlx;  polarising  hydrogen  t«  oxidisedj 
by  the  nitrite  acid.  Henc«  aitseit  the  greaieiit  disadvantage 
of  the  cell :  in  oxidising  the  hydrogen  the  nitric  acid  is 
decomposed,  nnd  |>oi5onous  nitrons  fumes  are  evolved.  A 
Grove's  txittery  xliuuld  thcrcfcire  atnay«  lie  placed  cithei  in 
the  o|icn  air,  or  in  a  cuplKnrd  connected  with  a  due  or 
shaft  in  which  there  is  a  strong  exhaust  draught. 

JiuKSfn's  CV//.— Btinscn  reduced  the  pjime  co«l  of  the 
Grove's  <:ell  l>y  replaiing  the  e)C)ien!iive  platinum  by  a  block 
of  hard  gavcoke  or  carbon,  but  tlie  compactness  of  the  cell 
suffered  by  the  change  I-'ig.  1 7  shows  the  usual  form  of 
this  cell.  1'he  i^lindrlc  ziru:  pbtc,  Zn,  and  the  dilute 
sulphuric  acid,  are  euniatned  in  the  outer  ve»cl,  and  the 
carbon  block,  C.  with  the  &troa£  niliie  acid,  is  in>idc  the 
porous  pot.  A  difficulty  is  sometimes  experienced  in  getting 
good  contact  with  the  rarbon  block,  but  this  should  be 
arconi)il:ihcd  with  the  cbmp  shown  iit  the  ii);i)re.  '1'he.J 
cbn)[i  whiiili  i*  shown  attached  to  the  nac  is  fur  the  |niip(Ki« 
of  jcuning  it  to  the  carbon  of  the  next  cdl  in  puiiing  together 
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a  bniu-r)'.  A  sODH-«hut  dttTcnml  kind  at  clnm]i  rf)r  ihc 
raibiin  \s  ^tiium  III  A,  ;iii<i  ihv  i:»i[cs]iarii!inK  one  fur  ihv 
iiiru:  at  B.  'Hiesc  iU<:  dr.iwn  t*)  n  bn;cr  iciitt  ;  wiih  lln-m 
ihc  conncrtiiins  rnitn  eel)  to  cell  can  Ik  m^dv  with  ordinal}' 
win.*.  The  chemical  action  of  the  cell  is  ihc  same  as  tliat  of 
lliv  Grove's  cell,  Uil  the  K.M.F,  is  a  little  len,  and  ihc 
tctiitancc  is  grcattrr.     It  llitix  |>ovtrMi»  all  dicdisadvantagos 
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of  the  Grore'it  cell,  willtoui  the  corresponding  advantages 
to  the  same  degree. 


Riiktvmate  or  Ciiiomie  Add  lialttritt. 

Tile  incofivenicnces  arising  from  the  nitrous  fumes  given 
off  when  nii(i(  and  is  n.ieil  a:t  an  oxidizer,  arc  .ivoidwl  by 
xulMUitiiing  eiiUcr  bichromate  of  fiotaxh  or  chromi<-  add- 
So  convenient  has  the  fotmei  of  theje  liquids  prov-cd  to  be 
for  this  putpott;  lliai  numi^roiis  ballcries  have  twcn  in- 
vented, only  diffcritiK  from  one  another  in  the  )>[0|i(inions  of 
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bichrotn.ilc  oi  jtobixh  in  the  depcitatlting  solution  und  in 
the  ftriditton  tomeiimcs  of  other  materials.  For  onlinary 
workinK  the biihromiitc ioluiion  may  be  mndc  ns  follows  : — 
Carefully  and  slowly  add  half  a  \nnK  <>f  Mrong  .tuljihiinr 
acid  lo  nine  ounrn  nf  well-pondered  cT)-»tats  of  pocas^itim 
bichromate ;  when  the  reaction  is  coin|>lctc  and  the  mass 
hss  cooled  down  add  slowly  5I  i)inl5  of  water.  The  water 
will  dissolve  all  the  solid  matter,  ai>d  the  final  )>mdurt  will 
he  a  rkhly  coloured  acid  solmiou  of 
potaniiim  bichromate 

In  all  (W  tiuial  forms  of  1>it'hroiiMitc 
<:elk  the  |>ofiiiivc  and  negative  I'lnieit  are 
of  im-  ."ind  caihon  resiieciivcly.  The« 
viTc  somvttnios  contained  in  a  single 
vcKscI,  as  in  ilie  well-known  "  IkmiIc  " 
form  of  cell  seen  in  Fig.  18.  The 
/ine  ]>taie,  /,  is  aitarhcd  to  a  brass  rod. 
(1,  whirli  )i)idc!i  in  a  rullar ;  thn  colLir  is 
connected  by  a  strip  of  brass  on  the 
ebonite  cover  to  the  binding  screw.  A, 
which  is  the  negative  tcrmin.il  of  the  cell. 
Two  flat  stri|is  of  carbon,  K  K,  are 
placed  one  on  either  side  of  Z,  and  are 
connected  with  one  another  and  the 
other  binding  screw,  (J,  which  h  ihcrcforc 
the  jiositivc  lerininaL  The  sntutton  used  is  that  just 
dcsrrihed,  but  as  litis  solution  acts  upon  the  t\t\t  when  the 
battery  it  itllc,  it  n  necessary  at  «ich  limes  to  misc  ihc  anc 
plate  by  the  ro<t.  (r,  imtil  ii  i^  clear  of  iht-  liquid.  A  clamping 
screw  on  the  colLtr  cn.iblos  it  to  be  fixed  in  the  raised 
position. 

In  order  to  avoid  the  necessity  of  raising  the  r.inc  plate 
out  of  the  It(iuid  when  the  cell  is  not  in  use.  a  )>orotis  pot  \n 
freqiietiilv 


Fis.  is,-rbi  Oi 

IkitiV  l«W«Hta  UtII. 


ircpi 


1^  /in(  as 
■on  of  the 


,1. 


Ttit  ttt<:t.AlKlt£  SATTKKy. 


The  line,  Z,  is  a  solid  blocV  of  metal  cj^t  on  tu  a  well- 
unitgaiuated  copper  rod ;  this  stands  in  a  porous  jai,  at  the 
Imttom  of  whicli  is  jibcvd  a  «mtill  <iu.-inlity  nf  mercury, 
vihicli  kvcjit  ihv  zinc  well  uinal^unuied.  The  liiiutil  in  the 
[lorwis  jiir  is  usually  dilute  Hul)ihiiii<:  acid,  luit  n  »oliiiion  of 
cuiniuon  ul>lc  salt  is  somctiJncs  cini>Iuycd  instead.  In  the 
UilcrcaEC  ttiv  dissuluiiun  ut  tlie  <tim:  gives  fine  chloride 
ilMeail  i4  nnc  .tuli'lulc.  The  oiilcr  vcsxd  conuins  the 
cojbon  )flat^  ir,  dij>l>it>£  intu  an  ordiiury  l<i(-)iruniate 
eolutioa. 

'llii:  E-M.P.  of  A  bichromate;  cell 
b  hi){tier  than  that  uf  a  (iruvc's  or 
buniien's,  being  a  little  above  2 
volts,  and  this  MM.K  is  lairl)- 
smdy  when  only  S4nall  currents  are 
taken  fioin  the  bauery-  If,  however, 
large  cuncnts  are  used,  liic  K.M.K 
Uls  off  somewhat  ia|>i<Uy,  but  re- 
covers iiiclf  after  a  period  of  rest. 
The  rcbisUiiKc  of  the  botile  i'wnn  is 
small,  because  of  the  ab»cii<  c  of  the 
(lurous  l»ot,  but  the  ttsistance  of  >*■«-  m-Fuiitj'.  Kichmouu 
FuUct's  and  simikir  forms  is  about 
tbc  same  as  that  of  a   nunsen'rs  celt  of  the  same  siri:. 

When  tile  bichromate  KUhitJon  bt-eomcs  exhausted,  its 
colour  changes  liroiii  a  rich  orange  to  a  deep  blue,  and  as  soon 
as  this  change  is  obMrtvcd,  the  solution  &)iould  be  rvncnvd. 


73fcr  Lttlaitctu  Ctll. 

In  lliis  cell,  wliich  ia  perlta]»>  more  widely  used  than 
any  other  for  most  ordinary  purposes,  witli  the  exce|>iion  of 
telegraphy,  ilte  diemical  method  of  preventing  polari^liun 
IS  eni|>loytd,  lull  the  mineral  pyruliisiie,  i>.,  manganoe 
dioside,  is  the  oxidiser,  instead  of  nitric  acid  or  bichromate 
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or  potash.     'I'tii:!  mineral  re^fly  ]>ins  with  soint:  of  its 
uxygnt,  being  reduce*)  to  a  lowet  oxide  of  tnnn^iieKC. 

'I'hc  tcl!  is  illuMrjifii  in  Kig.  jo,  and  cumisiN  of  iui 
uiitcr  !i<iuaTc  or  ^^■^:tallgular  glass  vessel  n-iili  an  iiidcnuiion 
in  ibc  neck  at  A  for  the  recc|ilioii  of  the  positive  clement,  a 
':iiic  lod,  Z.  'I'hc  negative  clement,  a  carbon  [tUle,  C,  lunds 
in  a  parotl^i  (lOt,  in  uhicli  the  runuininj^  sfacu  is  |)acketl  tip 
tightly  with  a  mixture  of  small  |iiec<:s  of  gjui  coke  and  mnti- 

gnnese  dioxide.  Tbc  function  of 
ttic  |)otou:<  |)0i  ID  this  case  is  not 
III  sc|>ar3te  tiro  l)(|ili<ls  btit 
merely  to  afford  a  mei  luinical 
su[>iiort  to  tlic  above  iitiMute^ 
riiutu  is  only  one  \u\mA  used 
1(1  t)ic  cell  —namely,  a  saturated 
solution  of  sal-ammotiiac  (chlor* 
ide  of  ammonium),  vhich  \s 
|)L-iced  ill  lite  outer  veNse),  and 
slowly  percolates  through  ihc 
|)oTous  |}ot.  The  latter  is  close*) 
at  the  t<^>  with  pitch,  in  which  a 
small  hole  is  Icfl  so  that  a  little 
water,  or  sal  ammoniac  solution, 
may  lie  poured  in  co  increase 
Ihc  initlil  condu'tiviiy  and  start 
the  action  of  the  cell.  The  upper  p.iit  of  the  carbon  pUtc 
is  vrcll  soaked  in  {utmrtin-wax,  and  has  a  lead  cap  cast 
U|K>n  it,  to  which  eunneciioi)  U  iiudv  by  means  of  the 
terinin.-il  scicw  shown. 

When  Ihc  c«ll  is  working  the  xinc  is  dissolved,  fomiing 
iine  chloride,  and  ammonia  ftat  is  set  free ;  ihe  [HibriMng 
hydrogen,  whifh  would  utli-      ■  '        "  '\nm 

plaii-.itovidbcd  by thcnwi  .  '.the 

dioxide  bcinj  reduced  bylhe  loss  ofoxyjjeii  lo  manganeve  sts- 
luioxidi'.   ThcK-M-F.  Ui-47  vults,[iui  falls olfrnjiidly  when 
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ibe  cell  U  used  lo  send  a  cunvni ;  it,  liowewr,  vcr)'  '|>''<^^ly 
recovers  wlien  ihe  coll  U  ttniiding  idle,  a»d  it  is  tliis  i^uiik 
rc^^ovcfy,  tomlimct)  with  ihc  alist-mc  of  noxitnis  fuiwi-s,  :iiid 
the  small  aiumitii  of  .ittL-ntlun  lui^uired,  ttuil  ninkes  the  cell 
so  useful  for  inteiniitlcnt  piiT|)Qsa,  such  as  the  rinc'int;  of 
ekclric  IkIIs.    The  internal  rc-Kisuncc  is  rioiii  4  to  10  ohms. 

To  diminish  the  rcsUtant-c  iiitruiUiced  by  the  \isc  uf  the 
porous  pot  l^eclanche  invented  a  rorni  of  negative  element 
and  dcpolanser  combined,  in 
idiich  ilic  slifTnc^  which  would 
enable  (he  htter  to  fl^ind  with- 
out Mip(iort  is  (ifoiiiired  in  the 
following  Vfay.  The  mixtaic  of 
gns-eokc  .ind  pytohisite  is  im- 
|irei;nated  with  ■^wtw  and  kept 
for  sonic  tiine  at  the  tciupera- 
tuTc  of  boiling  water,  whiht 
Mibjected  lo  a  |>rL-»ure  of  nboui 
4,000  lbs.  on  the  Mptaie  ineh. 
A  little  |)otassium  hydrogen 
sulphate  (bisulphaie  of  potash) 
is  also  di (Tuned  through  the 
mixture,  and  \s  found  to  assist 
the  soliilion  of  Ihe  zinc  Kilts. 
In  this  way  n  hard,  com|uct  mass  of  depolnrUing  material 
i(  ]»roduced,  which  can  be  ttmpjied  lo  the  carbon  plate 
wttli  indiarubbcT  Ixinds,  as  seen  in  Fig,  2\.  where  <i  ir 
arc  the  dcgwbrising  plates.  Iliis  form  is  known  as  the 
Agglomerate  Lcclanchi'.  llie  dnc  rod  in  the  ni<>difi<vilion 
figured  is  held  in  pmilion  by  the  same  rubber  stiap^ 
that  biml  the  iilates,  a  ir,  tu  the  c.itboii,  aiid  is  kept  from 
mining  into  contact  with  these  pl.iics  by  a  blotrk  uf  woinl. 
Tlie  («ist.»nce  of  such  a  cell  is  murh  less  tturi  the  ordinary 
I^-clanchi,  but  the  a^lonicralc  plates  slovly  disintegrate. 

Various  other  modifications  of  this  cell  have  appeared 
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from  lime  to  lime,  Uui  the  orlginni  porous  ]>oi  foitn  of  Kig. 
i8  is  still  Urgety  u^ed.  1*hrec  dtflcretit  sixes  (Not.  i.  >, 
and  3),  varying  in  heiglit  fruiii  4}  to  6  inchvs,  arc  uiuallji 
munufjcturvd. 


Pplmapy  Batteries  Tor  Electric  Lighting:. 

'I'lw:  iMii|il<iyiiicnt  ol  priiiuiy  l).ittk;fitri  for  the  |i(odi»nion 
ot"  the  clccirii-  tight  offers  iIk-  gtwt  advaniagi:,  tlui  ilnit  mc 
dis|>ciucs  irith  the  noiKi-  .-ind  dirt  whicli  aa«iii|iany  llic  vtw 
[itiiyinciit  of  MO-im  ur  gii^  cngiiten  and  ilyn;titios,  and  that 
iheir  super visiun,  whcii  |ir<i|iLYly  (ilannvd.  docit  nut  t-ill  fof 
the  constant  alt^-iilion  icquircd  liy  moving  maghinvry'. 
ihi-n;  im  huwv\cr,  the  great  drawback  that  tlie  fuvl  umxI  is 
expcn^rc,  fur  in  all  [iraciical  priniar>'  balieries  hitbcno 
devised,  the  energy  of  the  cuncnt  is  derived  from  th« 
oxidalioii  oi  linc,  in  exactly  ihc  «ame  way  at  in  the  batteries 
we  luve  jtui  deM;rit>ed.  Aiteinpts  have  been  made  from 
lituc  to  tttne  10  use  cheaiter  inetaU  Mich  as  iron,  but  the  use 
uf  the  latlef  introduces  further  dnadvantages  whi<:h  ate  not 
present  in  iit»*  cclk  On  the  other  liiiiid,  when  a  dyiwmo 
machine  i»  u$eil  10  generate  ;ui  electric  <-»rrenl,  the  energy, 
06  we  diall  sec  biicr  on,  is  primarily  obtained  eitiier  from 
the  combustion  of  coal,  lonl-gas,  or  petroleum,  and  trans- 
mitted 10  the  ilynainu  through  (he  medium  of  an  engine,  or 
fruiii  a  stivani  of  water  vrhiite  energy  i.t  t[an»milted  to  the 
dynamo  by  a  turbine  ut  water-wheel,  l^eaving  Uie  Litter 
case  out  of  consideration  for  the  present,  as  being  somen  hat 
lets  cornrnun,  we  hitvc  to  coni{Kirc  the  to^l  of  energy  derived 
from  burning  zin<:  with  that  derived  Irunt  hunting  tjubun  in 
voine  one  or  other  of  its  forms.  Now  the  cost  of  i  lb.  uf 
xinc  may  Ite  taken  as  sjd.,  whiUl  1  lb.  of  coal  at  11s.  bd. 
per  ton  only  eo&ls  o'07d.,  aud  thu&  ihc  jnimc  cost  of  »nc  is 
about  35  times  Uut  of  coaL    I'hen,  again,  1  lb.  of  ^inc  only 
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[yidiU  (Ki  <:cHn]ili.i<;  oxidntton.     'I'hu  mnki.-!S  ihe  cner^ 

jderivvil  (roni  «inc  nliout  2 10  limes  Jis  <:t»sily  n.t  lliai  detivwl 

Ifmin  i-oal.     On  the  other  h:ii»l,  a  xwim  tioilcr  and  engine 

\0.n  cxci-edingly   wasteful   tiitrnns  ol'  iMii^ronning   ciicrfiy. 

nach  of  Ihe  cntrgy  outlined  from  the  combiislJon  of  the 

'furf  rsrj|tini:  up  the  chimney  and  in  other  wayiJ.     If  wc 

su|i(KMc  that  abciil  H  per  c  cut.  »(  the  energy  of  the  t^oal  is 

eventually  convene"!  into  cleciik  cnerj;>-  by  the  (iynamo,  the 

relative  cost  of  xinc  and  roa)  IB  rcJti<:c<i  to  nboui  i7loi,nsHim- 

liiut  ''>'"  n"  '•>«  en<:T>!)'  of  llie  jiinr  is  iisefiilly  avnilahle,  which  is 

Dot  the  case,  hccause  of  ihe  imavoitlalile  internal  rcsislanrc 

^of  the  linlicry.    The  .iljuve  .-irKiiment  dcaU  only  wiih  one 

Dfl|icct  of  th«  ([itdtinti,  and  docn  nni  laku  into  account  the 

Iter  cost  of  attcnihrtro,  and  |irolial<ly  greater  first  cost  in 

lie  case  of  the  boiler,  BtC'tni  engine,  and  d)namo,     Thefc  is 

ako  the  further  eunsiilcnilion,  much  relied  u|M)n  hya  certain 

[dass  of  inventors,  thai  the  final  products  from  a  primary 

ittcry  coiKist  of  materials  that  still  lia\'e  n  market  value. 

'Up  to  the  present,  however,  no  scheme  has  been  tried  iijion 

a  laf);e  scale  in  which  llicve  products  have  been  syxtematically 

collected  and  placed  U)Km  the  iikaikel,  and  it  seems  more 

I  than   probable   that  the  cost  of  collection  and  tri:3tmcn1 

I  would  lie  so((rcM  as  to  render  any  profit  from  this  sourtc 

Jntasi,  if  nut  (|uite,  a  vanishing  <]uanlity. 

Etccirieally,  the  drawtxickt  cf  a  primary  battery  that  is 

repaired  to  furnish  «  heavy  ciment  arc  the  low  li-M-F.  and 

large  internal  resistance  of  ihc  individual  <clls.    The  former, 

fwliich,  as  we  have  already  seen,  eannot  much  exceed  2 

volts,  renders  it  occesury  to  employ  a  fairly  large  number 

.o(  cells  in  Older  to  bring  up  the  elocitic  pressure  to  (tut 

[rct(uired  fur  llie  glow  or  arc  tam[Ki  in  ordinary  use.     'Ilie 

■ntemal  resistance  has  ptactkaHylhesjme  effect  in  diminUh- 

jng  Ihe  avaiialilc  pressure,  as  part  of  the  total  F..M.F.  lias 

to  Ik-  employed  in  driving  the  current  through  tbb  internal 

resistance,  thus  reducing  the  external  pressure,  ai>d  rendering 

r 
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*li!l  iiionL'  cdU  noi.-i.i>ar><  :o  bring  u|t  lh.it  immsutc  in  itw 
K(|uiKd  valtic.  Aii>>iltcr  cvit  laui^cJ  liy  iTiiurnnl  r^&Utancc 
is  Ihc  vir)'!!);*  cxlciiial  provkurc  nC  ihv  lKitt«ry  im  iliflcrcnl 
Cunvnls  bix'juw  with  small  r.iim-nU  Ilic  cITcct  iif  the 
inlcrnal  rt-ii^uncc  is  k-w  marked  than  vrith  large  ttiirents. 
Wc  shall  return  ti>  llm  point  ngnin  {tn  \>a^<i  jSy). 

Other  drawbacks  connecte<t  with  primary  tnttcrict  arc 
ihote  in<:i<!!cnlnl  to  the  use  of  cotro^ivc  liquids,  th<rnc(-vs)>iiy 
for  )>pi-<'iiilly  (RiinnI  altenrlinis,  and  the  annoyance  i-aiiscd 
by  noxioiu  ruiiict> ;  lint  tlH;Hc,  an<l  some  otiier  minor  matters. 
arc  iHii  necessarily  inherent  in  the  method,  and  maybe  ani) 
have  iH-cn  more  or  less  successfully  m'tnonic  l>y  rarcful 
ile^if^n  and  ntteniion  hi  details, 

With  t)iv  iiliufo  diM<l vantages,  hotti  funilamcflUil  and 
acci<lcnlRl,  against  litem.  It  is  not  surprising  thai  piiniary 
l»tteric4  have  not  as  yet  l>eeii  extensively  emplojed  for 
illuiiiiiiaiin);  and  other  {lurposcs  which  require  hcav^ 
curreiils.  Still,  there  arc  cases  in  which,  even  at  .1  some- 
what enhanced  roit,  the  primary  battery  may  lie  jwcferred, 
with  its  (]uictnesfl  and  cleanliness,  to  itK  noisier,  itirticr,  and 
chca])er  rival.  Innumerable  invcnioi^  ha^'c  done  llieir  best 
for  it,  the  favourite  form  licing  some  modificition  of  lite 
Uchroinalc  battery.  But  ivo  battery  \\as,  up  to  the  present, 
atUiined  such  a  mcaiiire  of  succets  in  this  direction  as  to 
justify  us  in  devoting  space  to  a  deacriplton  of  il- 


Secondapy  BatlcrlOA  op  Aooumulators. 

In  dealing  iriih  the  chemical  |>rofhictiitn  of  ihi'  current 
by  primary  t«illtrir<  we  have  (ret|Ucntly  had  to  refer  lo  the 
evil  effects  of  Ihc  polarisation  of  the  plates  of  the  cells  when 
currents  arc  generated,  and  much  of  our  spare  was  oc> 
ciipi«-d  wilt)  detcriplions  of  various  tlevtct^  for  overcoming 
the  evil  We  jiointvd  nut  that  the  trouble  was  due  to  a 
fundaroeniol  (nopcrty  of  the  electric  current,  namely,  tha* 


SKCONOAIty   ffATrHK/BS. 


67 


■lK-n«viT  it  iiitsscd  rroiii  a  solid  to  it  li<tuid  decirolyiic 
cundiKtur,  or  rviv  tvmt,  ihv  )ii)iii<l  mts  decomposed, 
'ill*  |Hroilii(ig  (rf  (U-i^oin|)<niuon  either  ntlhcrc-  to  or  am.iin 
in  iHc  iici|{hl»omh<KKl  yf  ihc  incoming  and  vutgoitig  ran- 
iluaors,  and|  cs|>ecial1y  in  the  case  nf  ilic  latter,  oppose  ilic 
ixtstu^i-  of  the  cuncnl  by  setting  up  a  counter  or  Iwtlc 
el  eel  fo- motive  (one.  In  the  <:ase  of  3  primaiy  IwUci}*  ihU 
back  cU-iitro- motive  forcv  it  »»  much  deducted  from  the  total 
araiUhte  ekctru-motive  force  of  the  current  gcnemtor.  But 
ibe  inijoming  and  outgoing  condtiaois,  lichnically  called 
tlw  HMlffSrs,  may  be  pintes  of  similar  material  dijiping  into 
tlw  tiijuid  ciimltitloi.  In  this  case  the  arrangement  tieforc 
A  cuiTcitt  is  lassed  llimujjh  it  does  not  t'lillil  the  ronditionx 
{in  pii(p  49)  necessary  to  consiitute  a  primar^v  iMtiery, 
for  there  is  no  roiiill;mt  F..M,F.  in  the  rombi nation.  But 
if,  owing  (o  the  above-mentioned  property  of  the  current, 
the  pro<Iucu  of  decomposition  arc  such  as  to  .liter  the 
character  of  the  surfaces  cnposcd  by  the  electrodes  to  the 
)i<|uid.  then,  when  tlw:  current  is  stopped,  this  altered  con- 
dition of  the  ek-<  irocies  nwy  persist  for  a  lon^^er  nr  shorter 
interval.  During  this  time  the  apparatus  will  be  similar 
In  a  ])rinury  battery,  in  that  it  will  consist  of  two  difftrtnt 
conducting  surfaces  immersed  in  a  li<|ui(i  that  can  act 
chemically  Ujwn  them.  These  surfaces  if\\\  be  at  different 
potentials  ju.tt  as  in  an  ordinary  cell,  anil  the  arrani^cment 
will  piRoeu  a  resultant  E.M.F.  due  to  the  polarisation. 
If  now  the  electrodes  Ire  connected  by  an  txUrnal 
condui'tor,  a  current  will  j>ass  through  this  conductor. 
Obviously  the  R..M.F.  of  polarisation  must  be  in  such 
a  direction  as  to  tend  to  stop  the  current  w)iich  inro- 
duccd  it,  or  in  other  words,  tend  to  drive  a  current  in  the 
rercrsc  direction.  Therefore  when  this  K.M.K  of  pol.irisa- 
tion  it  itself  used  to  generate  a  ciitreni,  that  current  must 
pa-fic  ihrough  the  liquid  in  Ok  opposite  direction  to  the 
ori^nal  current,  and  the  current  will  la&t  until  (hedecirodes 
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ore  reMDTcd  (o  ihcir  origins!  roiidilion  hy  the  luing  up  erf 
the  avaihlitc  prodiirtt  of  iiolnmaiion, 

As  an  illinlRiiion  at  ihv  )x>inl  under  <;omidenilion,  lh« 
folkiwing  experiment  mny  Iw  nude.  AA  (FitC'  »)  ore  two 
niinK«n  (w  liMhromatv  fells,  joincl  up  as  slxmri.  The 
|HisilU-e  (lok,  C,  o(  the  Iwllcry  is  conrteclcd  to  oik-  kTmirul 
of  a  galvanonirtet  (av  page  3.1A),  the  niticr  tcnninnt  of  which 
iit  joined  to  I*,  oite  of  tvo  plaiinuni  pbtes,  whtrh  dip  tiiin  a 
VMwl,  V,  cif  diliilc  sulphuric  acid.      I'lic  oihi-r  pblc,  N,  is 


4!on»i'rinl  lu  one  eixl  of  a  ptvolcd  ntetallie  tongue  or 
*wil<-)i,  S,  uhi:fie  other  end  can  l>c  [tlaced  cJihcr  on  the 
stud  a  or  on  iIk  «ud  b.  1'h<-  stud  a  is  joined  lif  a  wire  to 
Ihc  negative  pote  Z  of  the  liaitery  .'V,  whtUt  the  stod  !•  is 
joined  to  some  point,  D,  on  the  wire  4.-onnecting  C  with  the 
jfalvanometer.  If  now  ihc  switch,  S,  Ik  placed  on  a,  the 
current  from  the  bntlcry  will  flow  round  the  circuit 
ClXIE'NSdZ  in  the  dirtciion  indi<al<-d  by  the  acron-s///. 
'fhe  nia-dlc  of  lliu  ptltanomclcr  G  n  ill  tie  detlt^ted  in  a 
cenun  direction,  and  in  the  vaatA  V  oxygen  cjas  will  Ik 
lil»craicd  at  the  plate  I*,  '  i  i  .  V.  The 
(rrcater  |Mrl  of  tlie*e  j,  1  r,  btit  a 


POhARIXAimH    RxPBKIMBflT. 


69 


dcMC  cuiiiiinnlion  will  aliow  that  the  suifacM  of  live  [lUies  nre 
covcrct]  with  niiiiuie  t>iil)T>les  of  t;ns.  ^V«  ihureforc  have  in 
(he  vessel  V  ijo  Imigcr  two  ck'.in  iil.ilitmm  phtirs  o]i[i'jscd 
to  one  ni)<jt)H.'r,  liiii  .1  |>l.it<r  uf  liUlinum  co.iU-<l  witli  ■i\yfj<.-n 
giu  O]>|)0ite(t  to  n  )>ln(e  uf  |il;kiiiiiini  kmIc^I  with  hydruKL-r 
pu.  For  ihcsc  two  pliuts  Unis  nioUifttd  Ihi-  chcinicjl 
afliniljr  of  tlii:  liiiukl  U  difU-Tvul.  ll  nuw  wc  movt.-  ihc 
tnilch  S  over  ly  the  (oni.icl  b.  wc  havt  a  closed  <:unijuuling 
circuit,  !X;i)ft>N,  111  whidi  ihf  vtssc)  \'  and  ils  contcois 
are  of  t)>e  namr«  of  a  f;alvanic  cell.  The  galvanoinelef  (> 
will  Ik:  tibsinveil  lo  indicate  a  current  in  the  oppotite  diice- 
tJon  to  the  previous  current.  i<.,  in  ihi-  direciion  of  the 
arrowK  in.  '\\y\%  tiirrcnl  will  rapidly  die  awny  and  llic 
gidvntvomcter  needle  retUTn  to  zero.  M'lieji  (hiti  happens  an 
humiliation  of  the  plates  PN  will  slion-  [lut  all  trace  of  gns 
lus  ditnppearcd  from  them  and  tli.-it  they  arc  in  their 
original  lOmlilion.  '{'he  veixel  V  and  ita  t:onteni.i  in  this 
expertotent  play  llic  pan  of  a  sfCJuJary  iel!  or  atenmii/alor 
as  it  is  called  :  it  was  in  the  first  instance  eAat^tt  by  the 
lialtery  A,  with  ihc  firim-try  riira'nt  ppp,  and  on  this  hatleiy 
beinjj  disu>nn«cied  fmii)  it,  it  wsn  ahle  lu  give  a  brief  Jit- 
(karge  or  stamttary  current  «f  through  the  galvanonteter  (5. 
'I'hcrc  is  another  way  of  regarding  the  above  exiK'timcnt. 
\Vc  have  already  had  iiiYation  to  ilraw  attention  lu  the 
fact  that  one  of  the  greatest  stores  of  energy  at  our  dis|»OKal 
is  tlte  energy  of  chemical  separation  of  materials  lliat  have 
a  tendency  lo  combine-  Also  that  if  this  combination  he 
allowed  lo  lake  plate  the  rv^utiing  products  contain  a  less 
More  of  energy  ihan  the  original  materials.  On  the  other 
hand,  if  we  restore  the  constituents  u(  thcM;  itiodncts  lo 
llieir  original  coitdition  wc  endow  them  again  with  their 
original  energy.  But  to  do  this  we  mii^  sopjily  energy 
lo  ihcm,  and  the  energy  so  supplied  may  Ik  regarded  as 
again  stored  up  in  tite  materials  in  the  form  o4  energy  of 
ijiemical  Mparaiion.     Now  in  t)ieGX|icrimenljust  described 
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llie  oxy|;cii  and  l))'droj;«n  gasn  thai  ap]>eftr  at  llic  electrodes 
I*  and  N  jiosscm  a  greater  slotc  of  energy,  by  rcASoo  of 
their  ic|>ai.ition,  ihnn  the  water  which  was  dt.i:otn[K»ed  in 
tlieii  formation.  Thi3  energy  has  been  supplied  to  ihein 
tliiough  the  agency  of  the  electric  current,  frutn  the  energy 
given  out  I>y  ihc  baiicrj-  A.  and  rc|»rescnts  so  much  energy 
withdrawn  from  the  nitrcnt  and  rendered  unav.iib1ile  for 
other  work,  &ueh  oa  ])eaiiiig  the  i-onihieton.  A.\  long  as 
the  gases  remain  adhering  to  the  )>laiinui»  plates  the  energy 
of  such  portions  of  the  gases  is.  as  ii  were,  slU)  under  our 
control,  iind  can  he  made  available  for  sending  a  return 
current ;  it  was  so  utili^«d  in  the  cxpijrimcnt.  'ITit  eiM.-i:gy 
of  the  (tiLNen  which  become  detached  from  the  electrodes 
and  escape  into  tlic  open  air  passes  out  of  out  r«ach  and  is 
VxA  lo  US. 

Vic  Iwve  then,  in  the  aTrangem«nt  describei),  a  methotl 
of  storing  up  a  pan  of  the  encrg)-  of  tlic  liattery  A,  but  a 
little  consideration  will  show  that  it  is  not  an  econotnkal  or 
a  u.icfol  one.  It  is  uneconomic^',  because  in  the  process 
we  may  loi>e  a  great  part  of  the  energy  we  wi^h  to  store  by 
the  escapi:  of  the  gases  from  the  plates.  It  is  not  of  much 
use,  because  the  total  quantity  of  energy  stored  is  not  great, 
and  moreover,  if  we  allow  a  long  internal  lo  tlajise  between 
the  breaking  of  the  charging  circuit  and  the  elohing  of  lh« 
diMrhargiiig  <:ircuil,  wc  shall  fmd  that  a  lai);e  (loriion  even 
of  this  small  aniount  of  energy  has  been  lost  by  still  more  of 
the  gases  becoming  detached  from  \\w  plates. 

Kul  ihe  eAperiinent  ilhislmlet  a  ])Tini-i[ile  whidj,  under 
olhci  conditiuoK,  has  t>een  tlei'eloped  so  as  10  provide  us 
niih  a  niuthod  of  storing  energy  which  is  extremely  useful 
and  convenient,  .ind  nt  the  same  time  fairly  ccononitcal. 
It  a  at  once  evident,  that  for  ihew  resutu  to  )m:  otxatnetl 
the  ptu'lucti  of  decomiwsition  during  charging  must  neither 
be  gases  nor  soluble  in  the  ti<pii«l  contained  in  tlic  ressel 
V ;  ihcy  will  then  mute  or  less  ))erfertly  nrmain  on    the 
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pbtvs  P  ADtl  N  as  llic>-  are  rormed,  an<I  lo  ilii;  extent  to 
which  this  condition  is  olxscived  ma/  wc  ex)i«ci  to  Tind  llinl 
ilie  viKTgy  s[>cnt  in  llic  decom|)osilioii  diiniig  the  time  ff 
charing  is  arailnblv  for  supplying  energy  in  ihe  form  of  the 
electric  cmreni  of  dihcliarf^e.  Modern  wfonJaiy  ttUltrus  or 
soKnIIcd  ttioimutators  are  simply  arrange  nit  tits  mote  or  \t& 
t)eri'«ct,  for  ftilfitling  the  coDditions  \\\\\%  hrielty  indicjiltid, 
and  fl  little  coil  %id  em  I  ion  will  &how 
that  lhei«  tloiof;.-  halttriti  do  not  ^stori- 
elcciricily,  as  is  )io|>uUrly  svippo.teO, 
but  only  energy  of  rhcmicil  seiiaratioTi 
in  a  form  convenient  for  the  production 
ofan  elw^tric  cuncnt.  Heforc  dexctihin, 
a  few  existing  types  of  these  batteries, 
a  bfief  outline  of  the  history  of  the 
sutijcci  ni.iy  Ix-  iriu-ii.-3tirig. 

Historical  Notes.— Ilic  fact  thai 
the  eW'tTodes  u.wd  in  the  dccompo- 
silion  of  vrater  could  give,  on  the  ces- 
sation of  the  current,  a  current  in  the 
0|>|KMitc  direction,  w.is  obsirved  early 
in  the  prexenl  century,  and  Kilter  in 
1803  constructed  a  secondary  jiilc 
simibr  to  \'olln's  pile  (I'ig-  5I.  but 
mill  the  metal  disu  between  the 
nwistcncd  cards  all  inadc  of  the  same 
material.  Iliis  pile  was  chaiged  by 
being  connected  u>  a  Volu'a  pile,  and  on  breaking  the 
charKing  circuit  was  able  to  i^ive  a  small  currcni.  'J'lte 
amount  of  energy  stored  was  extremely  sni.ill. 

The  first  ap)>li<alion  of  the  prin<iple  by  wliicli  a 
tnodemlc  amount  of  energy  nm  stored  «as  in  drove's  "  (Jas 
Dattety"  (Fig.  23),  invented  in  iSjij.  Two  long  tube*.  O 
and  H,  filled  wiih  aoiduUled  v-aier,  are  inverted  in  ihe 
stoppered  Hask  ;  platinum  wires  a  and  ^  are  Kealed  through 
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the  closed  cwls  or  the  mbcs,  ■lilt  wires  ate  cacli  lUiai  hvd 
inskk  the  tubet  lu  n  long  Ktn|)  or  )>tniiiit(««l  ]>U(imitn,  imrl 
DUtHidi:  Ihcy  )>tt|ii)ori  two  liitte  mercury  <ru|a  into  which  the 
conduciin);  wires  fixjin  a  l>am.-ry  can  tie  di|i;)ct).  Tn  chaige 
the  gas  batteiy  Iht-  n  ires  of  an  onlitiary  galvanic  Iwttcry  o( 
not  less  ihati  two  Itunscn's  or  Cicovc's  cells  arc  conneirted 
with  the  nieniiry  co[is,  so  ns  to  wnd  a  imrrcnt  in  llie 
4>/>/i<it/f  dircrtioti  III  th.ll  itiilicatc'l  iiy  thv  arrows.  Oxygen 
IS/ii%  Ik  tlicn  lilK-iaied  in  O  and  hy«]r<i};cn  )pts  in  H,  ihcsc 
gmca  <lts)>lacini;  the  ualvi  in  the  ttibcs.  A  lar^e  amoiml  of 
the  gas  liberated  is  abwrhud  bjr  the  )>rc|ureil  ]>littintim 
pbiics,  but  eventually  the  H  tube  lieconict  ri1l«<l  with 
gascoiu  h)'<Iro};en,  and  the  charging  circuit  shixild  ih^i  l>c 
broken.  'I'he  arratigcnicul  now  consistH  cstentially  of  plates 
of  oxygen  and  hydrogen  in  nc'i<lubtcd  water,  nnd  will 
beliaie  like  .1  galvanic  cell.  If  the  wires  of  a  comluciing 
circuit  are  connected  to  ihc  mercury  tups,  a  current  will 
How  through  that  circiiii  in  the  diTe<:tiun  of  the  airows. 
During  the  flow  of  this  current  tlt«  gases  irill  he  f;raduiill]r 
uscti  tip  and  the  water  will  tise  in  the  tubes;  finally  the 
walct  will  ;igain  fill  the  Hibe*  and  tlie  current  will  cease.  It 
is  (n^rtiajM  interriting  to  noike  in  instiing  that  the  liatter)- 
can  1m:  charged  b>'  forcing  oxygen  and  liydrojjcn,  gctieraicd 
by  any  of  the  well  known  methods,  into  the  ttitws  O  and  H. 
It  will  aho  generate  a  current  when  ether  gateK  arc  iiv.-d, 
and  Grove  has  given'  a  table  in  which  various  gaies  .irxJ 
vaiwuni  arc  arranged  fu  a  series  according  to  the  E  ht.P. 
that  ihcy  produce  in  his  lattery. 

<>rove'«  gas  battery  remained  lilllc  nioic  than  a  scientific 
curiosity,  though  extremely  interesting  from  the  [loini  of 
view  of  theorj',  until  C>.i5ton  I'lanle  look  up  the  subject  in 
■860,  nnil  in  a  sericx  of  extensive  investigations  led  the  way 
along  the  jath  which  modern  inventors  have  travelled  1: 
developing  the  sccondar)  baiterj*,     As  the  result  of  man; 
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vx|icrinH-nt!i,  I'bnli'  foiinil  that  the  bc»t  metal  to  use  for  ihe 
electrodes  wft>  lend,  whii'ti  ronns  several  oxides,  arul  one  ol 
Mtiose  |)Hnci|Ml  ulls  I<m(1  sulplutc,  i&  insoluble  in  w.iict 
aii<l  acids.  In  ottkr  lo  (liintnish  .is  nuiclt  as  possible  the 
iniemal  rrsi:(tuncx'  of  hU  tell,  I'Unli'  cwnlu.illy  adopted  lliir 
ume  |innc'ij>lv  lli^t  liati  I)L-cn  •-ii)i>tu)'V(l  hy  Hnre  !»  )ti« 
L>elU);nttiir  {V'xjf,.  H),  thai  is.  lie  used  large  sheets  of  roeinl 
for  his  pasiiive  and  nt.-);.-itiic  pl.ilcs,  ,ind  toIIlM  these  up 
iiKo  iL  4:utniKU*t  fiinn  with  inKiiLitiDg  slri]H  Itctnecn  tbein. 
Ki|;.  34  Uk>wx  on  Ihe  tii(bi  tlie  extended  lead  sheets,  wiili 
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[the  insulating  strips,  bcfofc  being  lollcd  up,  and  on  the 
left  in  seen  the  toinpact  cylinder  formed  by  these  aftt-r 
rolling.    The  ilieeis  iire  005  inch  thick,  and  the  insubtinc 

^liands  arc  of  indiarul>lier  \  inch  ihiek,  the  jwojccting  lugs 
bat  are  to  form  the  Icnuinals  of  (he  cell  being  in  one  piece 

'  wilh  the  metal  wheels.  The  cross  at  the  toi>  of  the  tylindi-r 
is  of  etionite,  and  i.s  fur  the  (HitjKnir  ul  ki'epin^  the  pbte^  in 
position.  The  cylinder  b  next  introduced  into  an  elHniilc 
or  gbss  t-cssel  (Fig.  25)  coiitaining  dilute  sulphuric  aci<l ; 
llie  (ennirul  lugs  G  and  11,  already  referred  to,  an:  brought 
out  and  ntade  fast  to  the  brau  pieeei  M,  and  W  on  the 
ehonilc  lid      The   ri'll    is  chained  bv  the  battery  of  two 
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BunMti's  cells  seen  M  Ui«  ntde,  the  tetmiiuilii  of  this  boltctjr 
Xxin^  Joined  to  M,  and  NC. 

When  ilie  turroni  from  the  pnniaty  ballcry  is  paucd 
through  liie  t:ell,  oxygen  is  gcncr»t«l  at  tin:  (loxitive  or 
entering  elcctindc  nnd  hydrogen  al  tiK-  ntrgjillive  one.  lite 
oxygen  acts  u;)on  the  lend  o(  ihe  pimilivc  vtemtudc,  and 


F)|.  IS,— VtaiiU  Uck  skh  Cksiinf  Xutiaj, 


Ibnns  1  diirl:  choroluie-coluured  |icroxid«  of  lead  on  its 
surface,  whiUl  llie  liydfojtcii  sim|>ly  iidhctc^  to  itie  tK-galivc 
electrode.  The  aiuounl  of  energy  stirred  duriDy  ihU  first 
charge  is  not  very  greAt.  though  much  greater  than  H'ould 
have  heen  stored  by  |>lalinum  pliiivs,  but  I'tonte  showe 
how  the  Htorage  cajxu-ily  may  be  vcr)'  largely  incrc 
The  proee&s  is  called  /nrtninj^  the  wiondary  Ixiltcty  or 
M-cumuUlor,  and  the  object  aimed  at  is  to  convert  imo  uf 
the  kul  plates  more  or  less  com|4et«ly  intu  peroxide  of 
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Itad,  an<l  (h£  other  into  s|>ongy  lend.  After  the  lirst 
charging  current,  as  alr«Kl>'  docrib«d,  hiu  bCLii  kej)!  on 
for  liftven  i»inutc%  the  cnW  a  discharged,  and  recharged  in 
the  rctftse  direction  for  a  slightly  longer  period.  At  this 
second  charging  the  surface  of  the  plate,  which  mas  before 
(Kroxidiwd,  IK  reduced  In  the-  condition  of  fytttn^y  lend, 
and  ill  this  coitditton  exjtaics  a  much  greaier  surface  to  ihc 
action  of  the  current  '1  he  quantity  of  spongy  lead  fonned 
depends  upon  the  extent  to  whidi  the  ovygen  bit  into  ihc 
lead  plate  diiriu);  the  fml  charge  The  cell  Ik  now  again 
dischai)^,  and  then  rechari^cd  in  the  same  direciioi\  as  nt 
first  for  a  still  longer  period.  This  proci-ss  of  charging 
alterruitcly  in  oppixsiie  directions  with  intermediate  dis- 
diargex  ix  continued  until  the  time  of  ehar;ge  has  readied 
Iwo  hours,  the  thnrging  current  being  in  all  cases  kept  on 
until  gas  Inibbles  rise  freely  from  the  pbles-  1 1  is  then 
left  chatted  all  ni);ht,  di.icharijed  the  next  day,  and  aj^ain 
charged,  this  time  vrithout  reversal.  It  may  now  be  left  (or 
eight  da)-s  and  the  process  then  repeated,  and  continued  at 
inlert'als  extending  over  lieveral  monlh.t.  ]n  this  way  the 
stoTjge  cajiaciiy  becomes  enoiinously  increased ;  but  un- 
fortuoately,  when  the  chemical  actions  have  extended 
ihrwighout  the  whole  mass  of  the  original  lead  and  the 
storage  c^ipacity  ha»  readied  its  maximum,  the  plates  dix- 
integrate  and  fall  to  pieces,  as  ihcy  have  during  ilie  process 
of  formation  lost  aInioM  all  mechanical  cohesion. 

'IIk:  value  uf  I'lantc'*  work  was  early  rc^rognised,  and 
variiiUK  attempts  were  wade  to  shorten  the  iieiiini  of  forma- 
tion and  to  prevent  the  ulliiiKUcdLsintcgraiion  of  the  bailery. 
The  first  of  ihc-se  object*  was  very  siK ci-ssfully  ;itti:iii)cd  by 
Faure,  wlio,  in  1881,  <runslnteted  a  cell  in  which  the  lead 
ptaies,  before  \>a\%  rolled  up,  were  coated  with  a  |xiste  uf 
red  lead  (l'b,0,>,  kept  in  its  jmsition  by  sltcets  of  parch- 
nvent  and  fell.  On  being  placed  in  the  a<:id  the  red  lead. 
whiiTh  is  a  compound  of  lead  monoxide  and  lead  peroxidci 
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ia  coin-cilcd  into  lead  sulphate  nnd  lead  pcroxiiJc.  When 
ihc  cliar^ing  cmrrcnt  iK  passed  lltrotigh  the  cell  tlic  kad 
itulliliiitt:  t>ii  the  (KXiitivc  ]>bte  in  cunveried  iiilti  lead 
{icnjxide,  iiml  tlic  sulphate  and  jieroxidc  oii  i1k  nv;gaitvc 
plate  are  reduced  to  spungy  k.id.    The  cell  is  thus  com- 

pk'tely  rumtcd  in  a  much 
>Jiott«T  lime  than  is 
DMeuiii)'  fur  the  Aintui- 
tion  of  a  Plants  cdl. 
Fig.  16  shon-s  a.  pattern 
of  I  he  Faure  cell  de- 
signed I  If  Kuynier. 

The  dienitnlry  of  the 
lead  sccondjtry  (ullcry  is 
not  ijiiilc  so  simple  as 
wtndd  apiit-oT  fioni  tlw 
foregoing  remarks,  ao<l  to 
enliT  into  it  fully  would 
lead  ti.i  ti>u  fat  into 
purely  technical  details. 
lA-.idsulphnle  undoubted- 
ly [>la)-s  n  wry  important 
jart  in  the  reacitonN  that 
take  place.  S|)caking 
HeiKTally,  one  may  say 
tliai  in  llie  jwores*  of 
chaigin^c  lead  sulpliaie  ijt 
nri'(Hii|>«sed,  -ind  that  durinj;  discharge  it  is  agaut  formed  ; 
I;UI  Htnmlianeoiitily  other  rc3ctk>as  arc  in  progress,  llic 
formation  sometimes  uf  a  higber  snlphalc  of  tead  than  tlic 
ordinary  lead  sulphalt'  i^  p.irttcidarly  iruublcsome,  and  i* 
tcclmically  known  as  '"sulplr.aiii};." 

It  will  now,  wc  hope,  he  clearly  understood  that  the 

(unction  of  the  5econ<Iniy  Ixiitety  or  nccumidator  is  to  art 

las  a  btorehouse  of  energy  in  a  forrn  ytrjrcpf)yfit!ti'|U'_  foF 
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traDsfonnstion  inlo  llic  eitcrg}  oi  an  i-lccirk  current,  aiul  it 
is  this  funclion  that  constitutes  its  comniL-icial  vnluc.  I1)c 
tleciric  cncrjiy  ({ivt-n  otil  by  a  Itattctj-  or  a  dynjimo  machine 
«n  l)e  stored  in  the  aciumulator  -is  enemy  <>'  <henii<jil 
separation,  ami  k  availal>le,  when  rc(|Mirc(i,  Tor  the  rcjirtKluc- 
lion  of  current  energy,  tn  another  Rcction  of  (his  book  wc 
nball  have  nomethirAj;  diriher  to  -lay  of  the  advantages  of  this 
sysiciti  of  storage. 

Before  proceeding  to  describe  some  of  Ibc  more  recent 
fi>mis  of  ncniinubtors,  wc  must  draw  attention  to  a  point 
connccte*!  with  the  nomenr  lot  lire  of  the  svibjcct  which  somc- 
tiinex  CAUMH  confusion.  11ie  pbte  that  is  connected  to  the 
foti/rff  /W<  of  t!»c  /^rgitt/;  Inttcry  or  dynamo  is  ollcil  the 
^iHitv  f4aU:  when  the  accumulator  is  discharging  this 
pbte  acts  in  the  unie  way  as  the  ncj^ativc  i>late  of  a 
primary  battery  iut  page  42)-  'I'o  avoid  the  confusion  that 
would  arise  from  caihng  it  byOiflcrcnt  numvs  when  cbart^ing 
am)  when  di.ichar];ing,  it  is  the  custom  to  call  this  plate 
tthiutys  the  positive  plate,  and  the  other  tbc  negative.  As 
the  positive  is  the  plate  on  which  the  peroxide  is  formed,  it 
has  a  dark  bruwn  or  puce  colour.  Tiie  ue^alht  [ilale,  on 
the  otlier  luiitd.  has  a  X''*y  "tttaU'^  apgiearsncc.  The 
dilTereiirc  between  this  noniencI,iliire  and  that  of  the 
primary  battery  should  !>c  carefully  noted,  In  the  ar- 
cumtilator  the  |>ositive  pole  is  mct.illtt.-illy  connected  with  the 
KMratlerl  iioxitive  pLite,  ami  the  ne;{ati\-e  |>ole  with  Die 
negative  plate.  Whclbcr  the  cell  be  charging  or  discharging, 
the  ]>o<iitive  pole  is  alirays  at  a  higher  potential  than  the 
negative  pole- 

MODF-RN   SkCONDASV   BArTEKtES. 

When  the  Faure  secondary  cells  began  to  be  used  for  com- 
mercial purposes  with  large  currents  of  charge  and  dischargct 
certain  inconveniericcs  in  their  working  manifested  iltcm- 
sclvcs  to  such  an  extent,  dial  many  practical  men  formed 
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ihe  o()inion  thai  they  could  nuvtr  }>e  succesiAilly  utilised 
anywhere  hut  in  a  laboralorj-. 

I'romincni  ainoDgsi  these  inconveniences  was  the  ImcV- 
ling  <ir  hcnding  ol  ihu  phlL-s,  due  to  uiK-qtuil  cxitannioDs  of 
the  nuitcrinl  »n  the  two  m(!vk.  Since  [he  plat<.-it  wtrre  placed 
as  close  ai  jMssibk  toi^ethei,  ihiit  Iiendinj;  frdjucntly  resulted 
in  ft  positive  and  negative  plate  coming  into  contari  inn'Jt 
the  cell,  thus  closing  the  circuit  internally  and  heavily  din- 
charging  the  cell.  Then,  again,  in  some  cells  a  <iuantily  of 
jrhile  insoluMe  niaterinl,  chemicilly  a  Milphnlc  of  lead, 
netinies  s{)road  ilsdf  all  over  the  )>l3tc*,  and  Imvinf;  n  high 
electric^  tv)<istancc,  nipidly  nto[>i>t:d  the  action.  The  use 
of  felt  or  parchment  to  hold  the  peroxide  of  lead  on  the  posi- 
tive plate  had  very  soon  lu  he  atxiiiiloned,  as  it  (|Utckly 
rotK^d  and  fell  to  pieces  under  [he  cotitinuoiis  action  of  the 
acid.  These  and  other  difficulties  were  faced  by  niiineroui 
inventors  wIm,  with  untiring  energy,  set  themselves  the  task 
of  overcoming  IheiiL  The  net  result  h  that  Ihe  storage 
batter)-  of  today  is  a  very  different  thir\g,  mechanically  nnd 
electrically,  though  not  ehcmicatly,  from  Ihe  battery  as  it 
left  the  hands  of  Plants  and  h'nure. 

Mechanically,  the  cell  is  more  compact,  lighter,  and  the 
pUtn  are  better  supported,  and  kept  apart,  and  Icsi  liable  to 
buckle  tlian  in  the  older  tyi^es.  Kkclricalty,  the  internal 
rexisianoe  has  been  coittiderably  reduced,  and  tlie  rate  at 
which  current,  and  therefore  encrt-y.  can  he  drawn  from  a 
Kiltcry  of  given  weight  has  been  hrgcly  increased.  The 
amngeraents  fiK  making  etcclrieal  (»nnectio«  with  ihe 
plates,  and  (ot  insubiin);  the  Ixiltery,  have  been  made  more 
perfect.  It  would  be  wearisome,  and  lead  loo  much  into 
tc<;hnical  det.iils,  to  follow  each  step  of  the  variotis  improve- 
ments. W'k  pro|Mise  instead  to  de^c^ilK:  one  or  two  recent 
forms,  which  die  reader  can  compare  with  the  carticf  forms 
already  dcscritied,  and  we  must  rcfci  him  to  special  works 
on  the  subject  should  he  desire  lu  inirsuc  it  further. 
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I'hc  actual  form  t;iveii  lu  Mty  [larticulnr  t)'|>c  of  <'ell 
dqirntU  lo  soniv  cxtcni  upon  ttic  iiurjKise  for  which  it  is 
<tt»if;ni:il.  Thiis  il  mny  Ik-  cm|)luyL-(I  for  hoii^c  tigliiing,  for 
cctilral  station  vrntV,  for  tilt-  lra<:tion  oC  Irani-cnrs.  for  shop 
lighting,  and  90  foti)i ;  i-ach  daw  of  wwtk  vntniliiig  some 


Fig.  >,-.-  I     .  :.::.,..   aiMh*iv%. 

modiftcaiion  in  tlvc  construction,  and  frequently  altering  tlie 
outward  appearance  of  the  cells.  In  all  cases,  however,  the 
variouj;  pUics  arc  luiill  up  rclalix-cly  to  ont  another  in  the 
niantier  seen  in  l-'ig.  =7,  wlikh  ri-prcM:nti  a  li[;luing  cell  ol 
the  Electrical  Fower  Storage  Company,  the  owners  of  the 
leading  patents.    This  cell  is  specially  desigiKd  to  gi?c  high 
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rates  or  (liscliarge.     'Che  first  point  to  notice  ia  tbAt,  instead 
of  being  formed  fioTn  ?«lu.-cls  »t  lead  iiudc  up  into  s  roll,  as 
in  the  early  I'lanii-  nnd  Knure  cvUs  ihc  jiosilive  nml  negative 
pUlcs  arc  pcrrvrily  Itiit,  .ind  ttut  the  cell  is  litiili  up  oftlwae 
Rat  i>tates  airantjcd  alieinatcly  in  the  \mx  and  facing  one 
anothuT.    The  alternate  plates  arc  connected  logcther  hy 
suitnhty  |ibced  lu^s  Iximt  into  hmad  Mraps  of  lend,  which 
nin  ilic  whole  length  of  the  Ml.     in  this  way  nil  ihc  post- 
ttwK  ore  joined  together  to  fotnt  one  \».T%e  )>o^tive  pliUv,  n»d 
all  the  n^attvcs  to  form  one  large  ncgatiie  )>lalc  ;  the  two 
seta  of  pUtcs  having  suili  a  large  surfat^,  and  bein^;  so  close 
together,  the  internal  resistance  of  the   cell  is  exiremclyj 
small.     Ki;t>ertcfice  has  xhown  that  it  is  sdvisalik  to  haM 
the  negative  plalvx  one  more  in  numlicr  than  the  paxliiveatf 
US -this  lends  to  prevent  the  diBistrous  buckling  already] 
referred  la     'i'hus  the  two  outside  jilam  rtc  grey  ncgat)\-cs„| 
with  hruuD-colourvd  |<osilives  next  to  them,  and  afterward^ j^ 
neg'ttivcji  and  positives  alternately. 

All  modem  secondary  bailcrics  for  heavy  work  are  made^ 
as  above  dcKcrilK-d,  but  ihcy  differ  amongst  themselves  in 
the  sixc,  shape,  and  weight  of  the  [>latci(,  in  the  i>osdttonit  of 
the  connecting  lead  straja,  simJ  especially  in  ihe  methods 
ndoptcd  tor  forming  the  jilatcs,  and  for  retaining  the  active 
inntcrtal  in  clow  adhcrvnce  to  ihcm.  in  Fig,  aj  there  arc 
ftflecn  positive  |>ktcs  which  are  thicker  tlian  the  negative, 
and  liave  two  lugs  on  each  plate  projecting  u|nrards  from 
the  top,  and  bumi  into  t))c  two  thick  straps  of  triangular 
section  which  will  be  >ecn  running  arnjss  ihc  lop  of  the  cell. 
These  sttajiri  .tie  cMinected  by  an  iitvcrted  V-sIupcd  |Mece 
of  lead  which  forms  the  positive-  icrminal  of  the  cell  As  a 
matter  of  bet,  the  jiositivc  plates  h»ig  from  the  straps,  which 
an:  supported  ou  the  tops  of  some  of  the  negative  pbtes  with 
|)r(>)icr  insulating  material  between.  The  mmlvo  negiti»c 
plates  are  more  clabomtcly  connected.  Eacli  plate  has  four 
lugii — two  (iio^lini;  horiuHilatly  at  the  top  comers,  and 
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two  vi.Ttk-ally  downwaitU  .11  the  iKtCtoiti  corners.  The  cot- 
tcspot)dingly  pbccd  lugs  arc  connected  by  lead  strips  nhicfa 
iliinil  mil  ijiiilc  dear  of  the  liaMtivc  plates.  These  strops 
form  a  very  sutistantial  franieworlc  whieh  linnly  hold.t  the 
nvgalivcs  in  their  |il.icc3.  At  the  Icft-licind  side  it  will  be 
Kvn  th^l  the  to'o  txiUum  %Ua\'i  .-iic  joined  by  a  thi<:k  (Tom- 
piece  of  lead,  la  whidi  ihc  nvg.ilivc  leimin.1l,  i:on»islii)g  of  a 
broad  Hal  i«e<:e  uf  li:a(l.li:itiJ(li«l.  Wemniilnot lu/ln!  lo 
notic*:  that  ilie  liotlomi 


of  all  the  plates  .iic  con- 

Milciably  above  the  bol 

loQi    of   the    conialninj; 

vessel.      This  is  import* 

aiil,    as    it    altoirs    any 

active     tnatciial     uliidi 

tiuy     become    detached 

frofo   tbc  plates   lu    fall 

away    L-lexi  of  ttieni :    iT 

this    loose    niateiial    tc 

mained       l>ctwe^;n      the 

pLites,    it    inighi    bridge 

the  (lorruw  K^p  and  thus 

shorl-eircuit  the  cdL 

But  it  is  in  the  furmatiuii  of  the  plates  llial  ihc  {{Teale&t 

diRcrcncvs  occur  amongst  the  various  lotteries  that  .ire  now 

in  practieal  use.     Each  plate,  whether  )>osiiiv-e  or  negative, 

con»sts  of  a  leaden  backing  or  fT.imework  of  some  kind, 

which  is  cither  covered  or  [Kmiealed  witli  the  material  in 

which  the  chemical  actions  of  tlic  cell  lake  placY,  3n<l  »bich 

is  usually  called  the  active  uutcriaL     lu  tlie  cell  shown  in 

Fig.  37  ihc  negative  plates  consist  of  a  leaden  framework  or 

"grid"  with  Ii«'Il-s  about  a  i|ii.)rter  of  an  inch  siiiwu-.  'n>e 
Irdix  tx.'tvreen  llie  ImIck  have  a  peculiar  cross  section,  de&igned 
'lo  strengihcn  the  plate  and  retain  the  active  nutcrial  in  tlie 

holes.     Three  forms  of  cross  section  arc  shown  in  l-'ig.  j8, 


&  '    ii  ~  o 

Ht   il.— 4.'»M-'^i'a'isI  Viimii  I1M41- 
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A  is  n  soiiivnlut  tarl)'  form,  and  1}  is  a  mure  ic«:ciit  fo 
liUnxluccil  bf  Mcs«s.  1  )niki:  &  Oorlmni.    A  \tMXt  ai  lilhar 
(un  oxi<tc  uf  k-nd)  \»  Tilied  into  (he  iiolt:^  of  the  gild,  and 
reduced  lo  SiHHi(;y  lead  cicctiolytic-.illy  by  jfiaciiig  ilie  imstct] 
(ilaics  ill  i>  tiouK'i  of  ditiilv  ,icid  -md  ]u»ing  a  wc^k  curn-ni 


llKiriiiiti  (iir  Mvi-ral  days.  The  pl.itcs  arc  cotmL-ttcl  to ' 
iK'i^aiitt'  (Mtlc  uf  tiK;  djrninnu.  Ttic  [lusaivc  |>lalea  of  lli^ 
c«'ll  dltiiMii  ill  Pig.  17  hawakad  Imckiiig  uf  Ihv  cross  !ii,-ctioii 
rii|>tii*i.'i)li-d  al  C,  l-i)i.  18.  A  |iaMc  uf  rcxt  lead  iif  lillixl  inic 
l)i«  ft<^i>utcii,  And  converted  into  peroxide  by  placirig  tltc 
M  acid  aiiit  :  a  mucti  denser  current  itiniuj^h 

<  .III  lliai  ii        :        iiiiHg  iho  nvgatiw-     In  this  case, 
lliv  )>lale*  arc  coitnccicd  lo  tite  i>ontiv«  iwle  trf'thc  d)'naina 


Citaupiv.v-//oifeti.  Cmi. 
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Quite  a  (liAvTcnt  tyiK:  of  cell,  alto  (U:»i};nc(l  to  admit  of 
i-avy  disirhar^es,   i.i    the  {'toii)|iIiii|'Howv1I    evil,    V\g,.  30. 
3  irt:ll-knuviii  ii)cUi11ut);i<:al  (irua-iS  blo'^ks  uf  k--i(l  aiv 
DbUinnl  in  a  liiglil)'  crysUllinc  and  ^rouk  cunditioii.   Thee*: 


-iJ^- 


Me-  yib— Stcatjlun  in  C>aio|K<ni'll<im!l  Ai(uiciu1*twi. 


»re  then  wiwn  into  yAMvi  nf  <xmv*:nii;i)t  sixc,  swiic  uf  wliich 

cti.itfd  with  jtcroxidc  for  )io>iiiivci,  and  ilic  utWn  with 

spongy  lead  for  negatives,  in  lioih  cmcs  modificaiions  of 

[PlaDti-'s  original  firuces  being  used.    The  cr)-slallinc  ruturv 

lof  thu  itnaltcrctl  Icjd  l)u<^kmj{  iircNCnis  a  \xt^k  xurfaCL-  !ti 

Iconuct  nith  the  Iki^iid  cicctrolyir,  juid  mci:hanically  hotU 

[the  active  oiatciia)  in  its  place.    '11k  cells  illumalcd  each 

(1  1 


I 

i 
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contAMi  Icn  poiilivi:  pUccs  aniJ  eleven  negative  ones ;  the 
]M»ittvc  ]>l.iti:s  lit  the  finri  evil  nitO  ihc  ncgniives  of  tlic 
second  arc  all  autunoiiiou'ily  njldcrvd  to  n  hcnvy  l»(l  Inr, 
ihiis  eliminating  the  resUiance  of  cLiniiM.  At  tlic  lionom 
ihi;  jilatL-s  rest   ujiun   the  celluloid    s.iuratois   t>hawn   in 


Fig.  30,  the  nt^iiv'Cit  u|ion  <i  and  A,  and  ihc  jiouiivcs  on 
/  and  1/.  At  tltc  top  ihcy  .ire  kcp*  aiwrt  by  the  t:cUulijid 
combs  g  and  h.  Il  is  (.Ininwd  fnr  tlM.-»c  ceUx  Uiat  Lbey  haw 
a  high  eni<;iefii'y,  und  nre  vuiy  Tci-c  fioni  liut^ktiitib  cvcil  whvn 
diM-ii.irgtil  at  aii  excessively  liiyh  r.ile. 

In  Fi^  ji  IbcTc  arc  shoiin  three  of  ihe  cells  »i  ihe 
FJucltical  Tower  Stoni^ie  ComjKiny  of  a  type  Urftely  uiu.'d  lot 
domestic  eltclHt  lighting.    They  .iie  re|irt:M:itled  su|>portcd 
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on  ircsllts  ^xd  joiiK-tl  up  ready  for  use,  the  whole  baUery 
prohably  consisliiig  <►(  firiy-six  wich  <:el!s.  F.tch  cell  roii- 
»i«ti  or  KCvi.n  {KMiiivc  and  vight  RC(i.«ivL'  plates,  and  ihc 
fKMJtit'c  and  nffDtlive  connecting  band«  arc  nhenintely  nt 
tl)c  back  am)  ilie  hnW.  the  positive  band  or  one  edl  being 
(!);hily  clampat  lollie  negative  band  of  ilie  ncxr,  so  that  the 
wliok"  of  the  lifi)'-six  rclli  arc  cveniual!)-  joined  in  "  scries. '■ 
The  cells  do  nol  rest  on  the  wooden  ireittc^  liiiccily.  bui  on 
oil-insulAfOTN,  which  arc  described  later  on  (Fig.  3.1).    Such 


I'ifi-  )l."Accniniilaur  tm  PmJnE  'irkWan*^ 


n  battery,  when  (ully  diarj^ed,  »h<Mil<1  li^Iil  fihf  glow-t.imps 
of  i6-can<lle  power  each  for  Icn  boiirs, 

'I'o  shon-  hon-  Aceiiniutaiors  .ire  modified  in  detail  for 
xpeirul  pnqioset,  we  gi^-e  in  l-'igs.  33  and  3,-)  i]lu<^imti<)fis 
of  the  celN  built  by  itic  Kliiiriial  Power  Storaitc  (?ompany 
for  tram-cjrj  and  for  railnay-carri.igi-  li);hiing.  In  each  case 
the  cells  are  of  .1  «h.ipc  ada|>ted  to  be  placed  underneath 
the  seats  of  the  rrs|je(:tivu  whicles.  Tlw  fells,  in&Icad  of 
lieinn  in  glass  casc^  arc  in  stmit  teak  boxes  lined  on  the 
inside  with  Ic^,  and  with  a  lid  to  jtrevtnt  the  isorroiive  arid 
being  spilt- 
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Many  other  types  of  nccuintibtors,  nomc  of  ilwrm  vtry 
siicccssfiil.  hnve  bct-n  dc^iwd,  especially  on  Ihc  Cont'mcni. 
In  some  of  (liese  Ihtf  jAilcs  arc  bid  horiMJiuilly,  ami  in 
oihi-tK  there  are  special  arinngcments  to  nlluw  for  ibc 
exjunsiuD  and  contmclion  of  the  active  inaleml  dining  ihv 
working  of  the  r«ll.  Solid  nnil  seiniDuid,  or  jelly-like 
electrolytes,  have  alai  licen  tried.    Btit  a  full  diVussiort  of 


rig.  J],  — iUcHwUloi  In  llihifcit  li  I  'itu. 

llieic  various  devices  is  t>eyond  the  plan  of  this  book,  as  il 
would  lead  too  much  into  technical  details. 


PreistHtiem  in  Viiig  Ataimulaters. 

As  many  iwivale  houses  now  have  acniinuhiors  ititinlkd 
for  HgUltng  purjioses,  it  may  oo(  be  out  of  place  to  refer 
bcicRy  to  a  few  of  tlic  simple  )>reeau(ions  which  should  be 
observed  in  the  treaiincni  of  diein. 

For  all  accumulators  permarMiiuly  fixed,  a  dry  room 
should  Ik.'  provided,  and  suiinbic  trcfiilcs  crcficd  on  whiih 
lost^ind  the  cells.  These  trestles  i^houkl  Ik  made  of  well' 
seasoned  nood,  and  ciwied  with  insulntinf:  and  acid-proof 
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paint.     l<^h  cell  shoiiUl  be  )>lac«(]  in  a  xhnllow  wotxlen  imy 

eonuining  a  littlt-  lowc,  <lry  sawdust,  and  this  iray  should 
»  be  stood  up'in  insulating  hiocks  A  conv«niCTl 
){  and  iii|>cnious  Torm  of  oil  initilalor  h  used  1))'  the 
Electric  (?on<!(niction  C*orporat)on,  and  h  xhown 
in  Kig.  34-  The  toji  |url  of  ihe  figure  is  a  per- 
icprciive  view,  and  the  lower  pan  a  section.  The 
inuilalor  consists  of  two  [lart.s,  nn  upper  and  a 
loa-cT ;  the  former  reus  in  a  rin;;  shaped  hollow 
in  the  latter,  t)ie 
hollow  liuing  filled 
with  a  non-eviipor- 
ative  and  insulnliiii; 
nil.  fyhould  ilii' 
outer  oirfaw:  of  llic 
insiil.-ilor  get  moitl- 
ened  with  acid,  and 
therefore  liccome 
conduciivi',  the  cur 
rent  cannot  leak 
away,  because  it 
would  have  to  jia.it 

over  the  dr>'  irtncr  MirCaru  and  through  ttic  oil 
bcfote  It  could  reach  the  outer  siitfaa-  of  the 
lower  part. 

The  positive  terminal  of  one  cell  is  pet- 
nuttcntlyand  fimily  joined  to  the  negative  terminal 
of  the  next  throughout  the  l>attcry,  leaving  one 
positive  lenninal  free  at  one  end,  and  one  nega- 
tive lcio)inal  free  at  ihc  other.  The  metliods  of 
hj-  >s-  joining  up  Ihc  battery  lu  ihe  working  circuits 
fcrAc-     will  lie  destrilwd   in   a  subsequent  part  of  the 

'-"""•  work. 

A  few  words  may  t»e  »:ii<l  licic  about  charging  and  <li5- 

charf^ing.     .\s  a  general  rule,  it  may  b«  reirauke<l  ihal  il  ia 


Fi^  ^'— Oil  Incnlmiar. 
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\ietlcr  to  VfC|»  thf  lullcry  ovcirfwrgcd  ihan  uiidt icli.iigtd. 
In  no  vaiK  ithotitd  ;i  dischatgc  he  so  Car  continued  im  to 
exhnusl  the  battciy.  Thcic  «r«  two  ways  of  axcerUiining 
whether  a  cdl  is  suflkii-htJy  cUarficd  or  disthnrgeil.  The 
simpler  one  is  by  mcani  of  a  hydromiMcf  nhich  nicasiires 
the  density  of  ihe  arid,  We  have  already  remarked  ihjt,  in 
Lhatginjf,  Kulphu?ic  acid  u  formixl.  arid  in  diwhat^ini!  it  is 


Ptc  A-}t>. 


absorbed  by  lh«  [ibtcii:.  Assiiinii^  that  ncid  of  proper 
ttrvngth  has  bceti  |kiI  into  the  cvIIh  when  find  lUey  wkk  set 
a\\  the  density  of  the  ncid  may  be  used  as  a  test  of  the  suie' 
of  chu^e.  For  tht»  (mii|)osc  a  special  form  of  hydcomelcr  is 
used.  The  lower  pint  (Kig.  35)  U  flat,  and  with  the  slciti 
can  floai  between  (be  closely  packed  pbles.  Ax  thi<  celk 
diwhargc,  the  hydromctci  sink*  fuitlicr  and  further  into  the 
liiiuid,  and  when  it  legistcr*  a  deasily  of  I'iso,  the  dis- 
clinTge  sliould  l>e  *]o|iped.     In  elure>nf!,  the  nr^cnic  ocvnrs. 
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the  limit  being  i  'lOo,  but  a  guoil  criterion  is  to  continue 
the  nlurgiitf;  until  f,M  is  given  ofT  freely.  These  ri|;urcs 
apjily  to  Ri'-S,  ti-l!s. 

The  other  method  of  twtinp  llie  wrll*  !•;  by  miMns  of  ihe 
voltmeter,  a  special  foiin  of  galvanometer  {sre  p.  3^7).  A 
oonvenK'iii  nioth'Acation  is  shonn  in  Y\g.  36.  A  iroodcn 
tdcl  in  [rtovided  vfiili  rorrutpited  Krnss  tubes  on  it*  ends, 
whii:lt  are  rc«]>eciiv{'ly  connected  with  the  two  terminal.^  of 
the  vollRteter.  Ulien  the  ends  of  the  rod  arc  placed  on  the 
positive  and  negative  Irrminnls  of  a  cell  a  current  Hows 
through  the  voltincltf  ami  the  pointer  indicates  the  prc^iire 
of  the  <:cll  in  volw.  '\"f\\t  prt-wicrc  should  mver  In-  allowed 
10  sink  Inflow  i^S  volts,  and  if  any  cell  differs  considerably 
from  (be  other  cells  of  the  batter}-  it  should  he  ,-tt  once 
dtsciMini-Tlcd  and  caicfull)'  examined.  The  wurkiiig  pres- 
sure of  a  single  cell  is  about  i-o  or  I'l  voU*. 

When  a  battery  is  in  ret;ubr  use,  the  denitily  of  Ihe  acid 
and  the  pressure  of  each  cell  should  be  taken  atiout  oncea  week 
and  recorded.  If  the  b.iitcry  is  to  be  left  unused  for  »ome 
lime,  it  should  be  first  fully  chafed  and  then  <li.'(a>nnecied 
from  all  circuits.  Also  when  a  battery  has  been  standing 
idle  for  some  time,  it  should  be  fully  rci:lurged  before  bcii^ 
again  used. 
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CIIAP-IKR    IV. 

THE   MECHANICAL   OR   MAGNETIC  PRODUCTION  OF 
THE   CURRENT. 

Ik  the  |>Tcce<liriK  |dt;c3  uo  have  <iei«c[il>ed  how  the  pro- 
duclion  of  cnniinuoiis  rurrciHs  of  electricity  was  fuf.1  accoin- 
plivhed  by  chemical  iHL-ans :  and  it  wa»  by  u&ing  runcnts  so 
generated  (hat  most  of  the  laws  of  the  clccttii:  ciirrcDt  nvrc 
(liuroveicd  anil  i n vent i gated,  and  many  jitactical  siiplications 
were  siictosfully  (lcvclu|)ecl.  Hut  this  mtlhcrl  uf  pruilucmg 
electric  currents  has  now  bct:n  nii{)craoded  for  all  puqiOM-s 
where  large  cuircnts  arc  reiiuircd,  and  for  many  other  jiur 
poses  ns  well,  by  3  direct  transfomialion  of  meclianical  into 
ekt'lriciit  eti<;r^y  irhi<'li  <lepcti<lK  u])oi)  the  inagneiic:  iirojxr- 
lics  of  the  cuncnt.  Before,  however,  u-c  <--an  be  in  a  poNiiion 
to  ducuss  saiisiactority  th*  ddails  and  principles  underlying 
this  method  of  proiliicin^  electric  currents,  it  will  be  neces- 
sary to  refir  bricrl)'  (y  the  facts  ai>d  pHnoi|ikft  of  the  connate 
science  of  magnetisin,  a  science  whose  coniiesiion  w  ith  dec- 
triiral  )>lH:noinena,  though  previously  suspected,  was  not 
definitely  arxl  (-oncliiiively  entaMilJKd  until  the  eaily 
pari  of  ll)C  present  century. 

Mairnetism. 

HiatoricaL— In  our  intcoduaory  remarks  (p.  7)  we 
have  briefly  rcferrc*!  to  the  koowlecigc  of  magnetic  pheno- 
meiia  which  existed  prc\-ioii.i  to  the  time  of  tiilbcri.  Tl)is 
knowledge  may  be  summed  up  inii  few  hnc&.  It  was  known 
■hat  the  IndvstofM:  attracted  iron,  and  cuutil  communicMc 
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this  propi-ity  lo  pieces  of  iron  and  sicrf  biought  under  iu 
inHuimcc,  H>  th.il  ilinc  in  their  ttiin  wnt.-  al}!c  lo  attmc-t 
iron  rtnti  en<I(>w  oilier  pivccs  of  iron  with  ihc  same  pro|N;Tly. 
The  norih  ntid  sculh  set  of  a  ma];nclisc(]  sieel  needle, 
free  (o  turn  in  a  hori^oittal  plane,  vas  also  known  and 
applied  in  the  mariner's  rompnKs,  by  trusting  to  which 
Columlnis  had  discovered  the  New  World.  'Ihi^  ap|)ears  to 
be  all  ihal  was  known  u[>  to  nbout  the  middle  of  the  six- 
teenth ccnivif)'.  Kui  not  long  licfon-  <:illHTt's  cuiicHmenls, 
llartmann  and  N'urman  had  independently  o)»crt'cd  that  a 
steel  <:nmp(i«>  needle  so  lulanced  a.^  lo  Ik-  hori'ontal  before 
nugnclisatiun,  has  <jui(e  out  of  liabncc  after  bctnf;  magnet- 
ised, the  end  poiimng  northwards  appf.iring  to  be  the 
heavier,  and  "  ilipping  "  downwards,  so  ihai  the  needle  had 
to  be  rebalanced  to  restore  it  to  its  horixonial  position.  This 
phenomenon,  known  as  the  inclination  or  "dip  "  of  a  maj^- 
neitM;d  rod,  h.ix  lieen  developed  into  a  patlleidar  form  of 
magnetic  needle  known  as  the  dipping  needle.  .\lso  the 
vcll-knowm  magnetic  law.  to  which  we  shall  refer  in  detail 
presently,  concerning  ihc  attraction  snd  repulsion  of  dis- 
timilar  and  liniibr  ]>olcs,  apjiears  to  have  l>een  diMiovered 
not  many  ye.irs  previous  to  1576,  Imt  the  name  of  the  dis- 
cOTcicr  is  not  known. 

tleiiidcs  dis«;overii^  and  accurately  measuring  the  dip, 
Numtan  had,  by  a  scries  of  simple  ex  pm  nun  is,  proved  that 
tlic  action  on  a  inagnctrsed  needle  free  to  move,  to  whatu-ver 
muse  it  might  be  due,  was  simply  dirfc/itr,  and  that  there 
W2S  no  tesultnnt  force  of  trandaiion.  The  cause  of  this 
action  was  a  fiuitful  subject  of  wild  conjecture^  some  »ip- 
posing  the  alttautin^  point  lo  be  situated  tii  the  heavens, 
others  supposing  it  to  be  in  the  earth,  and  others  again  suji- 
^posin;;  the  allnrtion  to  be  due  lo  huge  mountains  of  lodc- 
sione  situated  near  the  noith  pole.  So  far  wa»  this  laltcr 
theory  carried,  that  it  uas  confidently  asscited  that  ships 
sailing  near  these  mounuins  had  to  Im:  put  together  wiUi 
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wtuxlcn  n.-iils  insteat!  of  trou  oii«»,  3%  the  bircr  noulrl  Ik 
inMnnlly  tlrawn  out  by  the  nuisnctii'  auiaclktn,  ai>d  ibc  &hi|i 
(Icstrojed. 

(ItlU-il  oii^innieil  ilic  lioM  and  simple  thoorj  thjl  ail  Ihc 
fnctsor  Icrrratiial  tna^itu-tism  r.in  Ik-  arroitnk-d  for  hy  ihc 
atsuni[iiii)n  that  ilic  curth  tiNcIf  U  n  huge  magnet.  'litis 
theory'  he  ftu|)p«itii:()  hy  ox[KrnmcnU  on  iiugnetuc<l  s]>hcre«. 


FiBi  p.— C»cn"»  Tanalla^ 


which  he  called  "  tcrrclbx,"  or  "  caMhlcini."  l-lg.  37,  copied 
from  Gilbert's  hook,  (.hows  one  of  these  "icnellas,"  with 
small  magnets  plarcd  m  varimi^  piKiiiiotts  round  it  to 
demonstrate  lliv  liiniluiity  between  Hs  ai:lkin  and  ihe  action 
oT  the  e:inh  on  compass  needles,  as  ottNerred  by  iltc  various 
navigators  and  others  who  had  invcsiigated  il  in  different 
pans  of  the  earth.  1'hc  | iron) (ligation  of  (hit  theory  was 
only  one  ni  the  muny  c»niril>ulioivi  of  (iitheri  to  the  (nVncc 
of  ntagiH-tism.     Indeed,  ko  thorough  was  hifi  wotk.  Hint  most 
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at  titc  writers  on  this  branch  of  physical  ».i«ncc  for  many 
j-Cfln  after  his  dcilh  did  nolhing  to  eWcnd  the  stil>ji.-ct 
beyoml  ihc  yiAnX  ;il  wlmh  he  left  it.  I'oggcndorlT  )ux 
tailed  him  ihe  "  Gnliltu  of  Ma^netJKni,"  and  as  many  o(  his 
ot»civa|ions  have  not  been  su]K'iscded  in  ihe  Miljscijucnl 
devclw|imenl  of  ihc  scicncf,  bill  still  form  an  inieiiMl  pari 
or  it,  it  will  |>i,-rha|)fi  he  more  convenient,  in  order  to  avoid 
rqieiition,  to  at  (>i«:c  by  before  the  reader  the  unjirri mental 
and  utficT  ibta  al  oui  rominand.  In  doing  .10,  n*e  can  most 
cunt'cnicnily  jioint  uiit  llios^'  jiarts  which  are  due  in  (lilbcrl, 
U  well  .IS  the  extensions  nud;:  dining  ihe  Ust  thtuc  1  enttiii«( 
by  tli4>\e  who  rolluwed  him. 

The  ii'dfilitu,  ihe  cMiliesl  funn  of  ii>n)in«t,  is  an  ore  of 
JR>n  knonn  to  miiieialoyi^ts  as  ma^/K/iU,  and  having  the 
rhcmnral  constitution  dent)ic<l  t>y  ihc  fonnul.i  K<:,<\,  ihal  is, 
its  molecule  is  supposed  10  consi&i  of  ihree  atoms  of  iioit 
imiled  to  four  atoms  oroA)gcn  :  ii  is  thus  an  oxide  uf  iron. 
'I'hc  ore  is  found  widely  ditfiined  in  dilferent  paita  of  the 
eaitb,  and  sometimes  oc<:ur«  in  octahedral  crystals ;  when 
first  obtained  fnain  the  mine  it  usually,  fnit  not  atwn>-s,  ex- 
hibits the  tna^ietic  |iro|)cnics  which  first  attracted  attention 
to  it.  'I'hcsc  arc  most  easily  shown  by  rolling  or  dijipinj; 
Uk  uonc  in  dry  iron  hlings,  nhcn  it  will  be  fuiitid  that  the 
filinj^  adlieic  in  ttifl.i  to  veiiain  |?art.'<  of  it.  In  a  good 
specimen,  two  distinct  tufts  will  he  foimcd,  but  there  may 
be  more. 

Besides  attracting  lion,  the  lodcstonc  can  transmit  this 
pra|>crt]r  10  cetuiin  oiher  subsumces.  llie  itioit  convrnieni 
method  ia  by  rubbing  the  other  body  with  that  jurt  of  the 
kxli-slone  to  which  the  iron  lilintjs  adtiere  :  thev:  bodies  arc 
then  lound  to  ]"W*w-*s  all  the  jifoitenies  of  the  original 
lodestune,  and  an:  said  lu  be  tHu^netheJ.  Of  all  sub- 
Mances,  iron,  in  \\n  vaiious  modifications  of  wrought  iron, 
cjox  iron,  and  steel,  is  cajwhlc  uf  assuming  this  wiix»rfft/ con- 
dition in  die  moot  marked  degree.      Ne»l  t"  iron  come  the 
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nKlJiIs  nickel  and  robult,  .ind  a  Tets  of  ihc  chemical  coin- 
[wundit  uf  iron.  With  a  revr  slight  cxcc|tttoi)t>,  no  Other 
twdicii  am  be  pennanciilly  rasgneliscd. 


Kir  )l.-li«a  ruiau  aJlKflnc  10  Vw  \Ut,m%. 

Kor  purpows  of  cx|ii'tiinent,  aitil^cinl  n)ji({iivts  of  iron 
aie  fur  more  i-ynwnicm  llian  the  lodvNtonc:  In  unc  fof  in  or 
another,  ihey  arc  now  raniilior  object*.    'I'he  oidinary  sled- 


bat  iiiayiJL-i,  ;i-i  It  aiijJOAri  Awx  biirii;  rolled  in  Iron  filings,  is 
shoim  in  Hg.  i^,  the  filings  .iilhetint;  to  it  ju»t  n*  they  vrwild 
lo  .1  naliiral  nugnrt  of  the  same  nhape.     ti  should  t>e 


Exi'EK/Miiyrs  with  MACitErs. 


95 


Sit-   44— tt%BtMit  M»i;ii.!lk  Ni-Jln 


oIi&cTvcd  that  the  filings  clu.ttct  logirlhci  nio^t  thickly  at  the 
gmh  of  ihc  ni.ijjticl,  niiil  lliai  the  ceiitml  rvi;io(i  .-i[>iKnr»  (o 
t>c  unable  to  atlMi^i  tlicR).  The  attraclioi)  of  ihe  mii^ru-i 
for  Urger  mawcs  of  iron  can  be  exhibited  by  sus|jei)dtng 

froin  a  suiiabl*  swnd  _ iii^^^^ 

(!•%  39)  by  a  long  ^-^BliiH^^^^ 
tliread  a,  ball  of  »ofl 
iron,  and  bringing 
cither  end  of  the  mag- 
net near  it.  It  will  be 
found  that  \\\v  kill  « 
dclkc'ied  by  the  iiug- 
Itct,  which  U  llieicfore 
able  lu  overcome  more 
or  less  tlic  Rtanta- 
tional  allracuoii  of  Uie 

earth.  As  viih  the  fdingf,  the  centre  of  Ibu  magnet  will  be 
found  [jowcitcss  to  altr.i<:t  the  ball.    Other  bodies  may  be 

»^ubuitu[cd  furlhe  iiun  ball,  and  the  action  of  the  magnet 
on  them  examined, 
The  cxpcrimenc  may  be  in 
I  structivcly  varied   by   mounting 

the  m^nec  so  that  it  it  free  to 
move,    and    then    bringing    the 
■  ,  »      ^_^^  bodies  under  ex|n:rimenl  near  it 

■  JfJ^  ''"^  ''''*  !""T''^'  insicad  of  the 

^.^^^^^  heavy  liar  magnet  of  I-'ig.  3^,  a 

Ughi  piece  of  iiia}tneiiM:d  KtccI  or 
mit^itttk  mtJU  is  usually  em- 
ployed. 'Iliiit  nuy  be  of  the 
flhape  ihown  in  I'ig.  40,  where  tlie  double  (lOin ted  piece 
of  sheet  steel  Ls  fitted  vrith  a  liillc  cap  of  agate  or  gbus 
al-  its  centre,  by  means  of  which  it  can  be  balanced  on 
the  fine  metal  point  a.  Or  a  convenient  length  of  knii- 
lingneedlc  sicci  properly  magnciited  may    Ik    hung   and 


Pig.  t>  —  Stnptndnl  UidiHiu 
Kttilh. 
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biiUncud  ill  n  light  stirrup  (Fig.  41).  which  is  suspended 
b)-  u  long  and  loniionksit  siik  fit>r«-.  Tlius,  cither  pivoUcd 
or  suspended,  the  magnetic  needle  is  a  dclic^K:  tiMgMffo 
KofK  (or  mnKnctism-ilctccior),  nod  il  U  found  to  point  when 
nt  rcsl  in  a  ditcclion  which  i.s  upiwoxiinalcl)'  north  and  south. 
If  now  the  iron  ball  used  in  the  |>rcvious  experiment  is  tin- 
mounled  and  brought  near  to  the  needle,  it  vriti  lie  found 
that  il  attracts  i-Z/A^f- end  eipully  well.  We  vaxf  llieieforc 
»y  ihat  Ihc  mngncl  nllr-icts  iron,  or  that  iron  attracts  the 
magnet.    A  iiMirc  aeeiimie  ex[ierinif)ii  was  made  by  ('•ilberl. 


Fig.  ti.-Umiut  A((I«n  of  Macni*- 


nho  first  hung  a  piece  of  iron  to  tlic  beam  of  a  babince, 
and,  after  oountcrlMilaiieing  it  iriili  veights,  placed  a  magnet 
undeineAih  aivd  measured  the  altmlitv  ftjrcc  by  adding 
more  neijiililK  to  the  other  iciile  |Kin.  He  then  attached  the 
niagnet  to  ilie  tialance  and  placed  the  iron  underneath,  and 
found  lhat  the  attractive  force  was  Mill  the  santc.  'I'he  wcU^' 
knoun  dynamical  law  of  the  c<|unltiy  of  action  and  rcactiun 
i»as  thiiH  juoveil  for  m^ignttu fants. 

But  E)ie  ex|Kriincnt  may  now  be  carried  futtlier.  I.et 
ibe  end  of  the  needle  m  l-'ig.  4 1  which  points  towards  the 
north  tfrequcntty  called  the  north-scckmg  end)  be  carefully 
marked,  and  lifting  lite  needle  fmrn  its  5tirrU|i,  let  it  b« 
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lirouKhi  nrnr  ihc  iHmitcd  nccffle,  » in  Fig.  43.  If  the  ttn- 
matkci)  end  l)C  IjRHight  ncir  ihe  mirth  Ki-ltin^c  cikI  (N)  of 
Ihc  pivoitcd  nccdir,  it  vrill  Iw  found  to  attrad  it  jun  ai  the 
iron  ball  ditl,  ihough  )>crhBpE  mote  cticrgcticflll^.  But  if  the 
R)ukc«I  end  be  pfcsetjicd.  it  will  be  found  to  nyv/  the  nonh- 
Kcking  end  of  the  movable  twedte.  'Iliix  is  n  univeraal 
(iroi>eny  of  nrditutiy  nugneis :  one  pan  will  be  found  10  repel 
the  end  (N>  <)<f  ihc  pivoticd  needle,  and  another  jiait  to 
attract  it.  Tlie  i>art5  in  which  tht-  re|ielling  01  allrutivc 
fof<:c  affytan  lo  reside  we  called  the  /wVi  of  ilic  magnet ; 
and  thi'  above  cxpcrimnit  shows  that  the  poltn  which  |»oint 
in  the  snmc  direction  (/.f.  tow^itds  the  north)  when  the 
magnets  are  free  to  move,  regwl  one  another,  and  that  tbotc 
which  point  in  opposite  diieciioft*  atiratt  one  anoiher.  \Ve 
arc  thus  led  to  the  veil  known  law  that.  Z/ik  magnttit 
fia/a  rtfel  out  another^  and  tmlikt  magntiic  foles  attraet  ont 
aKother.  As  already  icmatkcd,  this  law  appear*  to  have 
become  generally  known  about  the  Lost  half  of  the  si.viccnth 
century.  We  »liall,  in  what  follows,  refer  to  the  pan  of  a 
simple  magnet  which  rtpels  i)k  nntlh  end  of  a  freely  «ii^ 
pctHlcd  magnetic  needle  as  tltc  "  north  ix>lc  "  of  the  magnet, 
and  the  part  which  repels  the  south  end  of  the  needle  ns  the 
"  south  j>()It" 

Gxpenincnts  similar  to  the  above  led  (itlbeti  10  draw  a 
dislinclion  between  magiutt  and  magntlU  fiodift  or  sub- 
slanceK.  The  latter  attract  cither  end  of  a  freely  su«|>endcd 
inagnet  indiscriminalel)',  and  without  rcjiard  to  which  part 
of  the  body  is  pre«.nicd  to  the  magnetic  pole.  Whereas 
magnets  cither  altra<:t  or  rej>el,  but  only  near  their  poles, 
and  there  is  a  neutral  or  equatorial  region  near  whtcli 
cxtenied  magnetic  force  is  either  absent  or  i-ery  feeble. 

Another  important  obscnaiion  is  thai  it  i»  inipowiblc  to 
obtain  a  magn<.-|  with  only  one  |m)1c.  U  wc  try  to  Kcparate 
the  two  |>oles  by  breaking  a  long  magnet  at  its  middle  i>oint, 
iicar  whici),  as  just  observed,  there  is  little  or  no  niagnetic 
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torn,  U  will  be  founil  tlinl  cJicU  piece  U  a  •:(Kn|>lete 

iHiBiCHsinn  Aw  putcs.  The  |«rls  of  (lie  inclal  near  the 
iniddte  of  the  ont;iiu1  l«r,  whicli  showoii  no  aclioii  ber<>rc, 
are  now  strong  poles-  AgJiint  no  lueihod  of  m.i);nelisiDg 
I  ;it)  f<ive  as  .1  in.ignct  wirh  one  ]»o1e,  t)inui;li  a  luilly  mopKt* 
i»i(l  b.ir  may  liave  more  iliarj  iwo  polar  teutons,  'rbe  clftct 
<>r  <Iij>|iing  iwh  a  bar  in  iron  filings  is  shown  in  Kij;.  4,{. 
I<(-^i(k-K  adhering  at  ihe  eniLs  the  iron  RWn^  .iltio  adlierc  at 
mtertncdiate  ])Ucet.  On  testing  these  pUivs  witli  Ok  mag- 
ncUiscopc  already  described.  Ibcy  will  be  found  to  exhilkit 
altenialdy  noidi  and  south  polar  proiK-rtics.  I'hus  if  the 
cim)  ( A")  of  the  bar  \k  n  north  pole,  ns  proved  by  rr^//in/; 

flhc  north -sec  king  cud  of  the  pivotled  nevdle,  the  region  A 
will  exhibit  south  ]>olarity,  the  region  /f  north  pobrily,  the 
regioi)  C  south  polarity,  and  the  other  end  (iV)  wiH  be 
found  to  be  a  nofih  pole.  These  inlctmediale  Tejjions  (j4, 
li,  and  0  arc  called  amtt^uent  f^ltf,  and  can  be  produced 
by  rulibiiig  the  bar  in  an  irr^ular  manner  when  magnet- 
lung  it. 

It  v-u  known  in  early  times  that  the  magnetic  attraettons 
were  not  interfered  with  by  interposing  brass  and  some  other 
suli^iaiiccs  between  the  attracting  iMxIii-^.  Gilbert  experi- 
mented with  many  subsunecs,  amongu  others  with  rings  of 
flainc  surrounding  a  magnet,  and  he  found  that  the  magnetic 
attraction  ailed  aeroM  tlie  Ibmc.  Kxj>crimcnls  show  that 
whatever  malcriaU  fill  the  intervi-ning  space  I>etveen  the 
attracting  bodies,  provided  only  dial  there  arc  no  magntHe 
Mies  (s<t  p.  97)  iherci  ibc  magnetic  forces  still  act  across 
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s|xtce.  'I'liv  oiily  way  in  which  a  itutftuct,  or  iiingnctic 
bod)-,  can  be  urte»tJ  Troiii  bciiij;  affected  by  ollior  inng- 
nelK  in  lis  nciKhboiithoucl,  is  by-  L-nclusing  it  in  a  Ihick  sh<il 
of  iron  or  other  m.tgnclic  material.  Such  a  screen  is  used 
in  I'Otil  Kclvin't  murine  galvanometer. 

The  distinction  drawn  above  between  magncis  and  mag- 
netic bodies  would  seem  to  point  to  a  difTerime  in  the 
magnetic  actions  called  into  |ihy  when  thv  two  cbs^es  or 
bodies  arc  examined  in  the  manner  su(^ested  by  bringing 
ihcm  near  a  Trcely  suspended  magnet.  In  rc;iJiiy,  ilic  div 
timiion  is  more  apparent  than  real,  for  it  is  easy  to  show 
that  the  atlnurtions  in  both  case)  are  ftltractiond  between 
maxnHi,  and  follow  the  polar  law  of  attraction  already 
enunciated.  What,  then,  is  the  differcjice?  It  is  this.  'Hie 
magnct-s  already  pu»e»  polut  ptoficiiics bcfoie  luinf;  loU-d, 
whereas  ihe  magnetic  bodies  Umporarily  aaiuirc  these  jmlar 
properties  by  ihe  mere  bet  of  being  bn>u){ht  nctr  to,  or  infe 
Iht  field  <£,  the  suspended  inaj^nec.  Moreover,  the  polarity 
assumed  whilst  near  Ihe  latter  is  ^uch  that  an  unlike  |fole  is 
luiDcd  towards  the  nearest  pole  of  the  magnet  in  all  eases, 
and  therefore  we  get  iUlractioH  alirays.  On  removal  the 
ina|;netic  btidies  either  loiiC  this  aajuired  [Hilarity  com- 
pletely ;  or  retain  such  a  feeble  trace  of  ii  that  when  brought 
in  the  same  m.inncr  ne.ir  ihc  op|>o>itc  pole  of  the  suspended 
magnet,  they  bccnme  jxilarised  in  the  o|)|KK(ite  direction, 
and  altraciion  a^atn  takes  place.  Tlie  magnetic  body,  wiicn 
Icmporaiily  magnetised  as  alxive,  ii  said  to  be  under  induc- 
tion ;  and  Ihc  phenomena  exhibited  are  ilue  to  n  particular 
class  of  magnetic  actions  wliich  form  an  imixHtant  branch  ol 
the  science  under  the  name  of  mngiutir  iaduclwn. 

MagneticIndnCtiOD-— That  a  magnetic  Iwiy  placed 
near  a  nugnct  is  for  the  lime  licing  polarised,  and  itself  a 
magnet,  can  t>c  shown  by  a  number  of  striking  cxpciiments, 
fron>  which  we  shall  select  one  or  two.  One  of  the  simplest 
is  the  following,  due  to  Gill>ert     A  and  It,  I-'ig.  44,  are  two 


H    2 


746421 


'J 


103 


7>/«  ELKritic  Ct'MKKXr. 


short  pieces  ufsofiirQnsuf['end*Hlb]r  loni;  tltru(is,uiha<ni ; 
before  the  nwgnvi  pole  (N)  of  a  pcrmam-ni  mignet  is 
bruufhi  near  to  them,  ihcy-  h.ing  ude  by  side  in 
the  position  shown  by  the  doited  tines.  But 
when  cither  pole  for  instance,  ihc  north-tccking 
jwlo  (N)  of  a  povfcrful  permanenl  inaj;oei  is 
Itroaghl  underneath  and  near  lo  tbcrn,  itiey 
itsMiinc  the  iiosilion  shown  hy  the  full  ttne^ 
C:ill)crt  cupUinH  thb  aclion  by  txyiaf,  Itutl  the 
two  ends  of  ihe  little  pieces  o(  iron  neare&t  to 
N  Iwcoinc  poles  similar  to  one  nnother,  but 
dissimiUr  to  N,  whereas  the  fanlier  ends  become 
siniihr  polei  to  N.  We  have  indicated  this 
nui  of  affairs  in  the  ftgiirc  liy  the  small  letters 
J,  M,  /,  v.  Now,  OS  the  magnetic  law  is  that 
tike  poles  re]>el,  we  hare  i  ai>d  /  mutually  re- 
]>elling  one  another,  and  likewise  «  arul  n'  re- 
pelling one  another.  I-lcncc  the  little  |>ieces  of 
iron  Dke  up  the  |X»itton  figured.  That  the 
ends  nearest  N  are  of  unlike  polarity  to  N  b 
shown  by  the  attraction  between  ilicTn  and  N. 

Another  inslrDctivt:  i:x|>eiiinent  in  magnetic 
iruluaion  is  the  following :  — I^t  a  well-magnel' 
ised  hirroagiict(NS)bc  clamped  in  aboriionlal 
posiiion  (Kig.  45),  and  in  line  with  it  clomp 
a  rod  (.\)  of  n-clt'.-inncAled  Init  uniTia];neiised  wrou((ht 
iron.  A  numlter  of  ir<«>  locks  or  nails  may  now  be  sus- 
pended in  a  kind  of  chain  from  Ibe  end  {t)  of  A  brtbcst 
frum  NS,  and  thcsL-  will  be  supported,  and  suppon  one 
armibrr,  by  the  polar  attraction  of  A,  and  tl»e  mtiluni  attrac- 
liont  of  the  jmles  induced  in  the  laekx  ihemselveK.  But 
this  Hate  of  thin^^s  only  lasts  as  long;  as  NS  is  kept  in  posi- 
tion. If  NS  be  removed  to  a  distance,  all  magnetic  action 
will  vani<ih,  and  the  tacks  will  ilt.  1!  nf  A, 

whirh  has  now  ceased  to  show  an  .  ncs. 
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A  great  difliereiice  is  found  lo  exist  between  diAereni 
kinds  of  iron  and  »lec[  when  placed  under  indui'tior. 
Broadly  s[icaliit(t.  two  effects  have  lo  be  o)>Mrivcd.  First, 
the  magnetic  projieriiL-s  manifcdcd  whilst  the  specimen  ex- 
perimented upon  is  acluall)'  tindtr  induction  :  ihesc  proper- 
tic*  arc  due  lo  ihe  so-ialltd  Umfarary  moxntlitm.  'I  l«n 
thefi;  ate  the  propciiies  teUincd  vthvn  the  indmiiif;  ("ause  ta 
withdrawn  ;  these  arc  due  lo  so^rallcd  ttiidutil  mii^HttUm. 
Nuw,  as  letjaids  ttmj^raiy  niagncliMn,  soft  srouglu  iron 
carefully  annealed  is  found  to  give  the  hcst  Tcsuh»,  and  as 
hardtr  nnd  lurder  sjiceiniens  arc  exsiniincdf  the  induced 
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teru|H>faiy  mDgnetism  is  found  lo  gd  lens  and  Ic:u  uniil  n*e 
reach  cast  iron.  Passing  then  to  steel,  we  find  it  even  worse 
Umr  cast  iron,  aru)  the  harder  the  steel,  the  less  temporary 
magnetism  docs  it  ^how  under  given  condilions  ofindiiclion. 
Bill  when  we  examine  llie  midutil  ina};iiclism,  diix  iitdct  uf 
nwril  is  reversed.  Stcvl,  which  showed  such  poor  resuUs 
relatively  lo  soli  iron  when  under  induction,  is  found  (o  bv 
able  to  retain  a  far  latget  [lorliun  of  ihc  projx-rlics  then 
exhibited  than  either  cast  or  wrouj^ht  iron.  In  fact,  the 
residual  tnagnetism  is  not  only  rcbtively,  Init  absolutely 
tniKh  greater.  It  is  for  this  reason  that  all  ^rmaatiU 
ningnvta  are  made  of  steel.     Next  lot.tcc\  cottier  «.wA  Viwft. 
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and  worst  of  All  foi  reuiutns  nia)^<;lb»i  is  tlie  WTOu);hl  iron, 
whkh  cxhiliited  so  much  itrniporary  iiia^nctbm  wlicn  under 
tndaction.  [n  foct,  it  may  lie  sutcd  as  a  gcncnl  law  ihit 
thote  bodies  which  an:  miut  Kij«:<:)>'.iblc  of  tetnponty  mag- 
nrtisition  show  lua*t  midual  inignettKatioH,  and  vie*  venA, 
or  a  body  easily  mu^nctiscd  niso  easily  loses  iis  lUii^nctKin. 
The  mofi  convmient  method  of  invcstigatinf;  the  atiovc 
facia  is  by  m«nns  of  dectiic  currents,  and  wc  ihctL-fore 
reserve  detaib  for  the  picsenl.  The  property  of  niltflanci.-s 
Ijy  which  Ihey  arc  able  to  rcUiin  a  portion  of  the  magnetism 
im|i;iricd  lo  ihcm  by  imluiiioii  U  known  as  tlieir  tvermr  or 
totrfilivi  func,  •ind  Dr.  J.  llopkiitson  lini  recently  shown 
how  a  numerical  value  can  be  as3i);ned  to  it  (a/  |Ktge  156). 

Early  Magnetic  Theories.  -So  far,  wc  Xos-k  confined 

our  aUcntiuii  !■>  the  iiuivi  jirouiiiient  experimental  fattt  of 
maj^nelic  action,  but  before  taking  up  the  consideration  ol 
additional  rccc-ni  discovctics,  and  of  more  modem  ways  ol 
r^arding  those  facts,  it  may  be  iiilcrrslinii;  to  devote  a  few 
lines  to  considering  the  t;xplanation  which  for  a  long  lime 
was  regarded  as  sufficient  to  accoimt  for  ihc  ]>heiK>mena. 
This  cxplaitation  cantc  into  favour  at  Ibe  lime  when  the  j;U- 
inour  of  Ne«-ion's  great  gcneraliuiion  rx)necrning  "  universal 
Itnivitaiioi) "  largely  influenced  the  direction  of  the  scientific 
thought  of  the  day.  It  was  therefore  natural  that  men 
should  tndcnvooi  to  explain  any  additional  caKs  of  attrac- 
tion iliai  came  under  their  notice  in  the  way  pointed  out  by 
Newton,  namely,  Iiy  a  theory  of  "action  at  a  distance."  It 
is  itiie  that  iht-  nugnelic  case  appeared  less  amtraWc  lo 
this  treatment  ihan  the  )traviiaiion  tasc,  since  nol  only 
attractions,  but  repulsions  had  to  be  accounted  for.  To 
meet  ihts  difficulty,  it  was  ivccessary  lo  assume  the  existence 
of  two  ktndi  of  mnj^neiic  matter,  or  ■  n,  endowed 

wilh  opposiie  pri>|>cri)es,  such  that  wir...  /  tilhtr  Una 

rtffh  Mitgitetuvi  iif  the  tame  kind,  hul  attrads  magMftism  oj 
th€  afpctiu  kind.    The  manner  in  which  tlw  distance  apurt 
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the  acting  magnctisnis  afiecicd  the  attractions  and  rcpul- 
tioit>  had  to  bv  determined,  and  i(  is  not  xitrpri«ing  that  the 
cdebrited  {^nvitulioiint  "  law  of  invt^ise  s(|Uarv!i "  should 
have  been  regarded  3s  the  niott  likely  one. 

llic  matter  was  appanrntly  settled  in  1785  by  a  scries  of 


masterly  «x[>crimvni:t  )ty  Coulonib  with  the  tortion  babiice 
of  Mi<:hell.  I'hb  in&tTuineni,  as  used  by  Coulontb,  u  shoiru 
in  Fii;.  46.  An  ojKn  wooden  box,  3  feet  sqiurc  and  18 
iachcs  deep,  had  a  gnidtiated  circle  34  inches  in  dinmvlcr 
fixed  hori/iinially  y  inches  from  the  hoiioni.  A  vertical  tiil>e 
30  incliM  lonj;  was  fijcd  over  the  centre  of  th«  Vioi.  wn ». 


lo^ 
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dow-lnr  n  uuj  carried  al  the  to^  n  drcuUr  |>Ulc 
fine  to  a  ahon  cylinder,  which  was  fitted  so  as  to  cum  ' 
inttde  the  tube.  'Ilic  circaUr  plaic  was  divided  into  degreei 
uT  arc,  and  from  below  it»  ci-nirc  a  fine  t>RLvs  vire  wu  WS- 
I>ciuicd  so  as  to  lui's  freely  in  the  tulic.  The  lower  end  of 
ibc  wire  was  ctijigted  by  a  stirrup,  shown  on  a  larger  scale  it 
the  Mde,  in  which  a  magncitted  steel  needle  could  be 
Inlaitccd  boricontally.  'Ilic  nce<tle  used  by  Couloml)  was 
>4  inchet  kmg.  If  now  the  circular  jiLile  at  the  to[i  be 
turned,  wluUt  the  su»i)endcd  needle  is  [nvwcntcd  from  turn- 
ing through  an  equal  anj;lc  a  iwtst  oi  "  torsion  "  will  be 
giti'n  (o  (he  wire. 

In  Mich  an  ioHtmment,  tlie  turning  fotce  with  which 
the  wire  act*  upon  the  suspended  nio^ncf  in  any  panicuUr 
jw^tion  is  slrktly  proportional  to  the  amount  of  twist  in 
tlie  wire,  or  (o  the  an^lc  through  which  the  wrire  is  twisted. 
'Diis  "angle  of  torsion,"  as  it  b  called,  can  easily  be  aiwer- 
tained  by  reading  ibe  angular  |>o5itkins  of  the  torsion 
head  aitd  oi  the  suspended  magnet  on  their  rcs]Kxtive 
scales.  1'o  imxluf'e  ihc  iitagtielic  nction,  a  second  and  fixed 
magnet  (NS).  ihc  cl,in)|>s  for  holdinj;  wliich  are  not  slitiwn,  is 
introduced  into  ibc  case  in  n  verticil  position,  with  its  north 
]Hile  downwards  and  near  the  north  pole  of  ih«  subtended 
magnet  In  Co4iloinb's  cxperimenls,  thii  Rxed  magnet  con- 
sisted ofailiin  slccl  lifc  14  inches  lon^;,  similar  to  the 
suspended  needle,  aiul  carefully  magnetised,  ^^'bc^  placed 
in  position,  the  adwn  of  such  a  inagnci  on  the  suspended 
magnet  would  be  almost  tnliiely  ilwl  due  to  it*  N  pole. 
I'hi-  S  |>otc  is  ahnuat  compleldy  out  of  actiun,  bolli  liecaiiM: 
oriis  gtcaU-r  distance  .ind  also  becxusc  ihc  direction  of  its 
action  docs  not  correspond  with  ihc  possible  direction  of 
motion  oi  »*■  In  nuking  an  cx]Krimcnt,  lite  mngncl  NS  is 
lint  removeil.  3iid  thi-  whiik-  intirument  i^  turned  round 
until  llii:  magnet  nt  is  tnoughi  to  rest  under  tlie  direciivc 
action  of  Ihc  nrlh,  nilh  no  tornun  on  the  vriic  f.    This 
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adjustment  is  assisted  by  rcplirii^  ni  by  a  similar  bar  of 
■on-magnetic  nuicrta]  such  ns  copper.  NS  is  now  iolro- 
ducvd  with  its  pole  N  clownwanlfi,  and  conscqticntly  tlic 
pole  n  at  ir.i  k  Te]iclleil,  and  ns  lakes  up  a  ]>osili»ii  uf  tNiuili- 
brium,  hut  can  Ix;  liroii};1tt  back  to  iu  dm  position  by  turn- 
ing ihc  tor &ion  head  (K)  in  the  opposite  diiectton.  Suppose 
in  a  given  case,  with  N  in  u  certain  observed  pocition,  ihnt 
K  has  to  W  Hirntil  ilir<>ti)(l>  300^  to  biintf  bai~k  "t  to  «lierc 
it  wot  before  NS  wits  iTiiroduced-  lliis  niiii)ber  ( j°<>)  l^^^" 
inenstites  the  force  of  repulMon  of  N  on  «.  Non  let  NS  Iw 
tOMVcd  so  tfut  its  distance  from  Ihc  ikxo  position  of  ns  is 
diininislKil  to  oiK-half  of  iu  previous  diKtiince,  an<l  again 
bring  HS  tKtiik  to  ^cro  by  turning  the  torsion  head.  It  will 
now  be  fmind  that  the  total  amount  of  taming  of  the  torsion 
head  is  three  complete  revolutions,  and  about  100°  besides. 
Thus  tlic  torsion  is  =3  x  3(10 -f  100  =  1080  -f  100  =  11801, 
The  force  of  repulsion  hai  therefore  been  increased  from  300 
to  1180,  or  about  four  limes  by  halving  the  disianee  be- 
tween the  t>oles.  Had  the  distance  been  dimiiiiithed  to 
Mie-third,  the  force  would  have  been  found  to  be  increased 
nine  limes,  and  so  on. 

By  such  exi'criments,  witli  numerous  variations  in  detail, 
Coulomb  proved  for  all  cases  similar  to  those  U[)on  which  he 
ex|)erimented  tlic  following  law  of  magnetic  action: — TAe 
allradioH  or  rf/iuhinH  f^fstYen  titv  ijUaMtilia  {m  and  m')  of 
magHfiitm,  lup^ftd  toMtntratrd  m  taw  /Wtn/s  at  a  disiantr 

(J)  afart,  is    j,  ,  atid  is  in  the  line  pining  flu  twe  peints. 

Or,  in  oilier  words,  the  force  is  dirc<:lly  ;is  the  pruduct  of 
Um;  two  atling  (juantilies  of  magneliitii,  and  inveriely  as  Ihc 
Mjuare  of  the  distance  between  ihem.  TIh;  frw/V  tjuantity  of 
magnetism,  or  ir«*V  magnetie  polt,  would  therefore  be  defined 
as  the  quaniily  which  would  rr^t  an  (,/ut%l  quantity  pl.iced 
at  unit  diilaitu  f[om  it  with  unit  /or,f.  It  is  usual  to  mea- 
sure the  distances  in  (tntimetrti,  and  the  (iww*\vvdyiiM.     S. 


7)/a  Elkctsic  CirjtitK/fr. 

force  of  one  dyne,  though  convenient  for  these  measure- 
ments, i*  exceedingly  small,  as  may  be  inferred  from  the 
statement  that;-  In  iMntian  the  Weifcht  of  One  Pound 
=  4-15,050  Dynes. 

U'c  have  already  lemirkcd  that  the  existence  of  lioth 
attrocliuns  anil  reimhion^  necessitated,  for  "aciionai-a- 
distance"  iheoriej,  the  a.S!ium[ition  of  the  existaicc  of  two 
kinds  of  mai^nelism  endowed  »iih  opposite  properties.  In 
lliis  way  arose  the  celebrated  "  two  tliiid  "  theory  of  magnet- 
ism,  which  supposes  that  all  magnetic  bodies  in  the  neutral 
stitc  possess  a  store  in  equal  quantities  of  the  two  magnetic 
fluids.  The  process  of  niagnelisaiion  was  described  as  due 
to  the  sep.^ratiuM  uf  these  two  fluids,  the  positive  Iluid  jjoing 
to  the  north  end  of  the  magnet,  and  the  negative  tlnid  lo 
the  south  end.  Thue  l!uids  were  then  supposed  to  act 
upon  one  anolher  according  to  the  law  just  enunciated. 
Now,  it  is  undoubtedly  irue  thai,  with  the  help  of  subsidiary 
hjijoihcscs  regarding  the  diiiiibiiiicn  of  ihc  so*callcd  duids 
at  the  ends  of  the  magnet,  this  theory  was  capable  of  ex- 
plaining, and  maiheniatieally  j>redictin^,  m(jsl  of  the  pheno- 
mena known  before  the  discovery  of  elcciro-niaj^ctisui. 
.■\mongsl  other  modifitations,  it  u'as  found  thai  the  distance 
{1/)  referTed  to  above  had  to  be  iiieastireil,  nut  from  ihe  end 
of  the  ma^et,  but  from  a  point  within  the  magnet  near  its 
end.  Thus,  in  Coulomb's  34'incli  magnets,  a  point  about 
I  inch  from  the  end  was  found  to  give  the  best  rriults. 
This  led  to  the  theory  that  the  magnetism  wa.t  plasleied,  as 
it  were,  over  ihe  ends  of  the  magnet  like  a  cait  of  paint  of 
varping  thickness,  and  that  the  point  referred  to.  from  which 
distances  were  to  be  inc^iurcd,  was  the  centre  of  ma*a  of 
this  "surface  disUibution,"  as  il  was  tailed. 

The  great  advantage  of  this  method  of  regarding  the  facts 
wasthat  it  was  readily  adapiableiohighmathematiciltrcalmcnl, 
and  gave  rise  to  innumerable  problem*  in  a<lvan<:ed  inaihe- 
Diatics  of  great  elegance  and  t>eaut>  from  the  mathematician's 
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I>omt  of  view.  Ii  niso  hod  n  stimutMiag  inltuence  un 
the  dci-ctupment  of  nuihutnalic^,  so  itut  for  niaii)*  yMts 
zftcT  Coii1oml>'s  woik  it  was  difficult  to  s^y  wticlhrr  ihc 
RCicncc  of  magnetism  was  more  indebted  to  mat  lion);)  I  iv!! 
than  maihcinatt4-s  nnt  indebtetl  1»  the  scicncx;  of  inJixnclism. 
At  aity  rate,  a  number  of  imponanl  theories  in  pure  inalhe- 
tnnlics  owe  their  origin  to  the  necessities  of  this  method  of 
analysing  magnetic  and  analogouir  electrical  ex|>crimciH8 
and  |»ohtem!t.  Notwithstanding  its  inabtlity  to  deal  with 
many  modern  problems  in  the  scicncv,  the  n>clhod  'a  Mill 
retained  wherever  a  taste  for  mental  Ruthcninlical  gyiniuu- 
tics  is  culii\-aied. 

The  jioiiit  -U  which  "two-lluid"  and  all  other  "  action- 
at-adisLincc  "  theocies  l>reak  down,  it  in  their  failure  to  take 
account  of  the  internal  constiluiion  of  the  magnet,  and  of 
the  state  and  inrtueme  of  the  nu-ditiin  iivhi<:h  surroviml.s  it. 
In  conseiiueiice  of  thi^  defect,  tbi^o  theories  are  ([uite  iiii* 
suited  to  the  treatment  of  the  problems  which  arise  when 
we  have  to  deal  with  the  ex|)eiiment3t  facts  of  elcelro-mag- 
netixm  and  of  electro  mas  net  if;  iiiduclion.  Wtiatever  anNwer 
•may  ultimately  be  given  to  the  question  "What  is  mag- 
netism ?  "  there  is  no  <luubi  that  the  j Jienomenon  of  magnet- 
isation is  a  molecular  one.  Wc  have  already  (page  97) 
pointed  out  tliat  it  h  impossible  to  obtain  a  tingle  notth 
pole  by  tn'eaking  a  magnet.  Thu  is  what  hapjicn*  when 
the  attempt  is  made.  If  a  large  magnet  lie  broken  In 
two,  each  of  the  [ueccs  is  found  to  be  a  coniptetc-  mag- 
net with  two  imtea.  If  these  piecen  l»e  again  l>roken,  the 
resulting  bits  arc  still  complete  magneift;  the  pince^t  of 
sill>diTiMon  may  l*c  rejicatcd  to  any  cxietil  mechaniirally 
possible,  and  llic  smallest  \m  of  the  original  magnet  that 
can  be  thtis  obtained  if  found  to  be  a  |>cifect  mngrtct, 
posEcssingl'Oth  north  and  south  potcK.  Kneu  like  these,  which 
were  amongst  the  catlieu  dttcoteicd  fact*  irftbc  science, 
have  long  sinoe  ted  to  Ihc  conchition  that  tlie  true  eiplanaiion 
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of  tlie  pn>CL-ss  of  magnet iitiitj;  a  bar  of  iiuKneiic  nutcrid 
ntiut  be  sought  in  the  peculiar  coiislitution  ol  its  ntulccutes. 
Thus,  ft  very  probaljlc  explanation  is  that  ihc  molecules  ofJ 
iiMj^miic  bodies  arc  themselves  magnets,  but  thai  in  ihc  un- ' 
in^ljnciiscil  body  ilic  ax»  (or  lines  joining  the  potes)  o(  these 
little  magnctB  are  turned  tndiflcreotly  in  all  directions,  and 
lh;it  the  process  of  ningneiis^titon  eon^ists  in  these  little 
nijgncls  uirnint;  iheiiiacUes,  under  external  niii^netic  (amxa, 
io  as  to  set  their  ]>ole5  (toinltng  more  or  ka  perfcclly  in  one 
direction.  This  view  b  supporieil  by  tlw  hci  that  when  a 
rod  of  iron  is  subjected  to  n  |iuwerful  lon)iitudiiul  inagnet- 
isinitfoire  it  increasei  in  length.  »nd  ihiit  nt  t]H;  niomcnt  the 
foti-c  is  turned  on,  a  sharjj  click  is  hcaid,  as  if  ihc  material  of 
llielurwere  Ifciii);  siuldenly  st mined.  The  recent  researches  i 
of  Hui^heit  awl  of  Kwinjj  have  xhown  that,  in  a  modified 
form,  this  theory  is  capable  of  explaining  most  of  the  knorni 
facts.  Hut  before  wc  refer  to  these  researches,  »e  nmst 
biiefly  indicate  how  the  modem  method  of  viewing  the 
phenomena  differs  from  the  old  "actionot-a-distancc" 
theoriet. 

ThF.    MaRNKTIC    FtKI-li. 

Let  a  lur  uiagoct  be  laid  upon  a  table  sikI  eovere<l  with 
a  slieet  of  gbss  or  siilT  cardlioard,  and  let  a  thin  layer  of  fine 
iron  filings  be  evenly  dueled  over  the  toj)  surface  of  the  );bss 
or  cardboard.  If  now  the  bticr  be  lightly  tapped,  the  iron 
fdiogs  will  arrange  themselves  in  definite  "magnetic  curves/ 
at  ihey  are  called,  Mich  as  are  dv|ii<:tcd  in  (''ig.  47.  r_ich 
little  bit  of  iron  is  broti^ht  near  lo  or  into  the-  misgiitlu 
JitU  of  the  large  magnet,  and  when  the  c.ird  is  lap|>c(l,  ihc 
jerk  allows  them  to  iiri  like  a  lot  of  litik  compass  needles, 
each  turning  with  its  loti^eitt  axis  in  tlw  direction  of  the 
resultant  magnetic  force  at  the  paniculai  place  where  it  i*. 
Thi»  ihi^  lines  of  the  filings  show  n>uj;hly  the  diicctJon  iu 
ithirh  iht;  maxnetic  forces  ad  in  the  ditTrrent  pam  of  Uie 
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field ;  or  more  Rlricily,  1I1L7  show  ihc  dirceiion  o^  il»e  re- 
folved  pnit  oT  the  furccs  in  the  |>lane  in  which  they  lie,  for 
titc  ociuat  (liieciioiis,  in  some  places  at  kast,  mu&l  be  [lassing 
obliquely  ihTough  the  glass  or  card  from  tlic  bottom  to  th* 
tup  ti<le.  or  vict  ifriiS.  ttcraDse  thcw  lines  thus  indicate  tlic 
direction*  irf  the  magnetic  forces,  they  nn-  sometimes  ealled 
the  •'  lines  of  magnetic  force,"  or  more  briclly,  the  "  lines  of 
force."    The  iciin  should,  however,  Uc  rcscncd  for  lines 
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following  lh«  real  directions  of  the  forces,  and  not  icaotvcd 
directions  in  a  panieuLir  plane.  The  term  "  magnetic 
curves  "  is  thercfoic  more  appropriate  for  the  lines  shown  by 
the  filings,  (hough  if  the  cardboard  be  ihin,  nnd  close  down 
upon  the  majtncl,  ihe  tlislinciion  is  but  sli;^lil.  'I'hen  again, 
the  iron  filings  themselves,  as  we  shall  see  presently,  modify 
both  the  diicriion  and  value  of  the  magnetic  force  in  their 
ne^hhourhond. 

There  h  another  way  in  which  the  magnetic  curves  may 
be  mapped  out.  Let  a  very  small  magnci  or  comixiM 
needle  be  so  stiipcnded  as  to  be  frc«  to  move  in  any  direc- 
tion, and  let  it  l>c  brought  into  the  magnetic  Arid,  and  then 


no 
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tnovcd  always  iit  fht-  diicction  in  wliich  u-itlicr  of  its  \m\ci 
)>uint8.  If  llic  course  of  its  movtiiMrtiis  from  ditTvrcni 
staniii){-|)uiRtK  in  a  j^bnc  |>Jis«inf^  tliivugU  the  tlat  mognut 
be  carefully  (iloUed  down  on  paper,  we  shall  get  a  *eri«  of 
lines  such  a%  are  sltowii  exterriiii  la  the  iiu^iicl  in  (-'ig.  4S. 
In  this  case,  the  lines,  except  so  far  as  they  arc  disttirbccJ 
hy  Ihc  prcicnci-  of  the  litth;  search  niagncl,  are  the  actual 
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"  lines  of  force,"  since  the  plane  choisen  is  one  of  ihc  (ilaiws 
in  whkh  those  lirKS  lie. 

Faraday,  who  was  the  6rst  to  )>oint  out  the  importance 
of  thcw;  magneiic  cunei,  thus  defitica  Ihem*:— "By  mag- 
nelic  curv*-s  I  ntc-in  the  lines  of  magnetic  forces,  howc\'cr 
mutlificd  by  the  }u:ttapo«ilion  of  polc«,  which  would  be 
dc|iiicted  by  itoii  filings ;  or  those  to  which  a  very  small 
magnetic  needle  would  form  a  tangent." 

It  should  Ik  noticed  that,  .is  far  m  the  nig  air  is 

cowrcmcd,  these  lines  all  begin  and  end  ^ :e  on  the 

magnet,  and  this  is  a  property  of  all  lines  of  ma^iKtic  force 

" '  Exi'Mtununtal  KcMncho,"  Send  I.  (iSji),  ptii.  1 14,  note. 
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duelo  pvnnancnl  iniu{iii:t!i.  Imt  nut  ncd^siirily  ofituch  linn 
otherwise  proiliicx'tl.  It  titoiild  .ilso  be  iioiici-tl  Ihjit  iticy 
stream  out  in  thick  liifts  ri»in  Ihc  ends  or  [lolcs  of  ihc 
magnvt,  and  nre  not  very  niimerou.i  near  the  centre-  By 
(Irnwifif;  Ihcin  to  scale,  according  to  certain  tuk's,  we  «m 
make  ttu-'fii  indic^itc.  not  only  the  itircclion,  but  also  the 
magniltiJf  of  the  fortes  ai  the  ililTeri-nt  (larts  of  ihc  m.ig 
lU'tir  field :  the  (tuneral  nritilt  l>eint;,  that  w^ert:  ttie  lines 
an  oloie  together  the  force  is  great,  where  they  are  wide 
apart  it  is  fce1>le.  It  is  srari;(.Iy  iicctssaiy  to  |ioiiil  out  that 
iron  filings  thrown  donit  )i3]>lu/ard  cannot  ^ive  this  (juflnli- 
talivc  delineation  of  the  field,  though  they  may  roughly 
indicate  it.  Fig.  48,  which  is  draiva  to  scale,  does,  howevi-i, 
indicate  both  the  mngniiiide  and  the  direction  of  the 
forces. 

Since  any  tine,  straight  or  cur\'ed,  ha»  two  directions  »t 
every  point  of  its  course,  it  is  necessary  to  specify  the  direc- 
tion which  is  To  lie  regarded  us  positive  for  our  lines  of  force. 
1'hc  convention  adopted  is  that  ihc  positive  direction  shull 
be  that  in  vhick  a  lilllc  nottlvseeking  jrale,  sup|>0)red 
isolated,  H-ould  tend  10  move  if  placed  on  the  line  under 
eonuderation.  Now,  wc  know  that  one  north-seeking  pole 
repels  another,  an<1  therefore,  in  our  figures,  the  direction  of 
the  lines  i«  that  they  ilarl  in  the  air  from  the  norlh-ieeking 
poles,  and  tad  at  the  south- seeking  |H}les.  We  might  indeed 
have  so  defined  ihein,  Imi  the  more  general  definition  is 
required  when  wc  have  ii»  poles  in  the  ticld.' 

A)  a  study  of  these  curves  is  n'ry  interesting,  wc  give  a 
few  more  illuitiati^is  of  thcni  as  mapiicd  out  hy  iron  flings, 
most  of  the  figures  being  taken  from  Faraday's  "  Knperi- 
ntcntal  Rcscaichcs."     In  Fig.  4<)  we  have  two  bar  magnets 

'  It  thottld  also  lie  rcnuufcid  hcrclli*!  themacnilaiicuf  iheimcnclic 
fn*ce  UkII  at  asy  puiM,  U  (lefioecl  an  ili«  Toccv  uhicli  wuuM  Mt  npon  a 
iM»»f  ^MttH'ilr  of  nitrli  wvat/iiw  (/rt  pagr  105),  snppoted  phced  at 
tho  (Kiiat  wllliijui  ilhiMliinf;  ttM  foKQi  of  the  licld. 
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irilh  iheir  IvntcUtt  in  tltc  onii:  ttraighi  litK,  nnd  vitiikf  |)olc« 
ncaieM  to  one  miolber.  I'he  linvs  aic  only  iliown  fur  the 
sjKicc  between  and  a  Utile  ytay  ak>n^  each  ma^'ncL  Nolke 
how  similar  Ihc  curves  art  to  those  of  the  single  h.ir  magnt^ 
in    V\p   4;>   where  (lie  lines  were  nlso    iWKsing   ticlwern 
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unlike  poles  placed  very  murli  in  (he  sAine  relative  posi' 
lions ;  and  (he  cur\*csdite  to  two  hnr  ningnets,  in  line,  with 
fikt  i>ol<-s  ndjnceni.  <-nn  be  infeircd  from  an  inspcclioo  of 
the  effect  of  tlu;  eoniigumis  |>o!es  in  V\f,.  51. 

But  the  Imt  migncls,  instead  of  Iwing  pbced  in  line, 
may  W  pbccd  parallel  to  oni-  .mother,  either  with  like  pales 
or  wi(h  unlike  imleii  close  logutlier.  Tlie  ria^ilts  arc  shown  in 
I'^ip-  S^  and  51.  Notice  how  die  tines  t&Miin^  from 
the  two  similsr  potea  Gccm  lo  repel  and  turn  aside  from 
one  another  in   a  very  curious  way ;   one  seems  almost 
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to  grt  .1  visible  picture  of  the  foct  that  there  must  l>e  t«- 
pulsion  between  two  |>ol«»  to  pUcvtL  Also  nutice  in 
i'ig.  50  how  the  tinea  i^tiiiii^  Trum  a  jkjIc  scctii  10  niD 
towAtds  ihc  unlike  ncighbauiing  pole,  &u)jt;cstiiig  ih.il  ihcrc 
mutt  be  aiir.ictton  between  ihcse  poles. 

I.ct  us  nov  con.ttder  briefly  some  of  the  lessons  to  be 
drawn  fcuni  these  curves.  The  inagiictic  force  (or  force  on 
an  imaginary  north  pole  of  unit  strength)  at  any  point  in  a 


Fi(.  ID.  Fig.  ti. 
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magnetic  field  due  lo  permanent  in;)gnets  can  l)c  calculated, 
fui  MDipk'  caws  at  least,  aitproximalely,  by  means  of  Ihe 
rule  given  on  jiage  105.  This  rule  regaidx  Ihc  action  as 
dependent  only  on  iIh:  magnetic-  .ttreTigilis  of  the  %^rioiix  so- 
called  poles  and  their  dcsianccs  apail ;  we  have  ;itri-ady 
|)oinled  wtt  some  of  ii«  (ir.iwb.-icks.  In  addition,  it  ignores 
allugelhti  ihe  part  which  ihe  intervening  nicdiuin  iiuy  be 
ni£ATdcd  as  playini;  in  the  Iran.icniision  of  the  action  Irum 
one  pole  to  another.  A  little  considerulioii  will  convince 
the  reaiJcr  that  direct  action  at  a  distance,  without  an  inter- 
vening channel  of  conimuniuUton  lietwecn  the  acting  bodies, 
is     logically     umliinkaUe.      There    muU    be    a   ^r/t<Uy 
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tmiiimatit  medium  iiiic'txMtcd,  along  whwh  th«  action  is 
Irunstniticd,  as  a  rupt:  or  a  rud  transmits  a  pull  or  in  ihrust 
from  an  acting  agent  to  x  body  acted  upon.  Or  tbc  action 
may  be  Iransniitlvd  by  mcins  of  waves  of  vmioiis  kinds  in 
the  inletposed  iii«diuti) ;  the  t»(»liuin  h  ul  in  motion  \vf 
receiving  energy  from  the  acting  budy,  waves  thus  started 
travel  thiough  liie  medium  at  a  definite  speed,  and  part  of 
the  energy  iTi<ty  produce  a  particular  effect  upon  adUlanl 
l>o>ly  a^nintt  which  ihe  waves  xtrike.  The  latter  method  is 
most  apprO|>n3te  lo  ihu  tiansmisuon  of  em-tjty  by  radiatioiu 
of  all  kinds,  such  as  tlwse  of  sound,  of  tight,  or  of  beat,  etc., 
Ihe  energy  in  the  intcivening  )((iacc  being  in  the  form  of  a 
K|ie«;ial  kind  i>f  wave  motion.  Htil  for  all  kiod.s  of  Utady 
actions,  wJK're  wc  »rtr  concetned  ]>riniarily  witti  the  trans- 
mission of  force  rather  than  of  energy,  the  action  must  he 
chidly  of  the  kind  Tint  specified.  1*liux  in  the  caM:  of  the 
pull  of  a  magnet  on  a  httle  iron  ball  hung  over  one  of  its 
poles  by  a  thread,  there  must  be  between  the  magnet  and 
the  ball  something  of  the  ojiturc  of  a  ro[>c,  along  which  the 
pull  b  ttaDsmiiied. 

^^*e  have  good  reasons  for  believing  that  the  sPtiKtking  is' 
the  same  ether  nhich  lran.iuui»  the  sun's  light  and  heal  to 
us  through  inter- planetary  s)>ace.  But  just  as  tUc  aciio«i  of 
ttie  ether  in  carrying  iht:  light  and  heat  waves  is  modirK-d 
by  "Ave.  presence  of  particles  of  gioss  matter,  so  b  its  action 
modified  in  the  magnetic  case  by  associating  whh  it  the 
molecules  of  certain  ntaterinl  subslaiKes,  amongst  which  iron 
stands  iwr-cmirKnt.  Thus,  in  the  ease  cited,  we  fiiH)  that 
itie  pull  of  the  magtwt  on  the  hall  is  of  very  diflereni  amutint 
if  we  displace  the  air  that  lies  between  by  a  lump  of  soft 
iron. 

Now,  if  our  magnetic  |ntlb  and  pushm  are  trafumitied 
from  one  body  to  another  Ihroui^h  il>e  medium  whitrh  sur- 
rounds the  bodies,  tlut  medium  niu-il  be  tii  a  stale  nf  .ilrain 
when  Uaiismitting  the  (xihs  nnit   pn^bej.      To    Faraday 


I 


Action  op  run  Msoiuh. 


Hi 


Dgs  (ti<;  lioniiui  of  fittt  ckiiily  grasping  and  utiliiiiiig  this 
[view  nf  Dugnctk  aciuui.     Ily  its  aid,  when  he  hod  oncv 
obl^ined  the  chi«,  he  was  led  on  rapidly  to  hi.4  siilcndtd  dis- 
coveries ii)  mogiielo  ck-ctiicity,  aiid  he  was  aUo  M<:  lo  i;ivc 
^«ini|)le  explanations  of  the  previous  discoveries  of  Aniptrc 
otlM.-n.     Some  of  the  greatest   recent  a^lvanccs  in 
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I  electricity  have  been  due  lo  the  application  of  his  ineihod 

'  of  taking  into  account  the  action  and  niodif^ing  inlluence  of 

the  medium.     Besides  ii^oi^iusiiig  the  general  chamctcr  of 

this  influence,  he  had  also  a  ver>'  tlear  idea  of  the  kind  of 

.ror<:e»  that  set  up  the  {lanicubr  strains  nhitli  exist  in  the 

snetic  field.    The  imi>rcvtcd  forces  consist  of  Icnsioiu  ur 

I  along  tlie  lines  of  force,  and  [ireissurvs  or  pushes  ai 

t  angles  to  tlicni.     Or  if  ire  w«e  lo  t  onsidi-r  the  lines  of 

force  a^  ha^'ing  a  kind  of  indindual  cxisienec,  wc  should 
regard  tlioii  as  tending  to  j^w  shorter  in  the  direction  of 

I    3 
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ihcir  kngihs,  but  to  rei>cl  otw  snoihcr  tidew^js.     A  rc- 
cxaxnioalion  of  Figs.  47  lo  ji  wi"  show  how  iliis  lurthod  of 

fcgnfiiitig  th« 
linet  would  aunt 
one  in  drawii^ 
the  \-ariout  dia- 
grams, jiihI  wc 
thall  often  Tind 
it  convenient  to 
'  talk  of  the  lines 
(u  if  th<ry  were 
renl  entittc*. 

Itut  lu  rettirn 
to  the  iiitlueiKc 
iif  the  mc<liutii. 
Thv  iron  filings 
may  again  be 
UK»1  to  indicate 
(lie  nature  of  the 
iiiodiftcations  of 
I  he  magnetic  fit; kl 
due  10  tlte  iniro- 
duciion  of  pieces 
of  unmagiidiscd 
iron. 

If  nrecUingu- 
lar  l))uck  of  iron 
lie  i>laccs1  in  a 
kbew  jiutition  lie- 
twwn  line  |x>les 
oriti«inagiii-isin 
Pig-  40.  *c  get  the  3|>i>earanrc  »I>own  in  fig.  $3.  Siill  iiwre 
Nlnking  crises  ate  ^)ij«n  in  V\f,.  5.1,  which  is  due  !•.>  I'ata<liiy. 
Here  A  ic[ife»»is  the  ufigJnat  Mixt  ola  mnj(neii<;  tivltl  as 
nia[ipc«l'nut  lif  iron  ^X\x%ffi ;  ttic  field  i<i  what  is  calU-d  tui/irni. 


rif-  st-KttO  *'*•'■  I'M  CO  ■  OaUmn  TitU^ 
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ihe  filii^s  lying  evenly  In  foirly  ;x:itallcl  lines.  B  shovrs  ihe 
same  5eld  w)i4>n  diKliiiliect  by  ihc  )>mcnc<;  ofa  smsll  tod  of 
soft  iron,  ami  C  iv|ir«wniN  the  effect  of  inttodtKing  a  ditic 
of  niH^ncitc  niaicrial  into  the  oti;iinil  fid<l  (A).  Notice 
in  itll  <5iscs  how  ilte  lines  seem  to  be  atlnelcil  as  it  wrere  by 
Ihe  soft  in>n,  entering  in  at  one  pari  and  emerging  at 
anotlicr.  Or,  to  |i(i(  it  in  iinolher  way,  it  seciiit  at;  if  (lie 
lines  found  it  easier  lo  );et  ihrrKig;))  the  iron  than  ihroii(;li 
the  air,  and  aa  though  ihcy  tried  lo  net  from  pote  to  ik)1c  by 
the  easiest  path.  This  latter  is  iKrrhaps  the  better  way  of 
loftVin^  at  the  fads,  and  we  cxjttw-i  \\  l>y  s.iying  that  the 
ftmuahilily  of  tho  iron  is  stealer  tli.in  iliai  of  ilie  nir.  This 
term  pcrmeahilily  was  long  ago  used  in  this  connenion  by 
Sir  William  Thomson  ;  a  tlill  more  morfern  way  of  referring 
to  the  (iliciwmeiion  is  to  say  that  the  iiiaitnctic  reiutlanft  of 
the  iron  is  less  than  ihc  magnetic  reluctance  of  the  air. 

\V'e  liavc  just  s|>olci.-n  of  Ihe  linvs  of  force  as  nmning 
through  the  iron,  and  in  Fig.  4S  we  haw  shown  the  lines  as 
running  tight  through  the  material  of  ihc  magnet,  each  line 
forming  It  (httJ  cunt  whith  ^ots  not  cross  any  <^htr  liite. 
Arc  Iff  )ii.sl)(ic4l  in  doing  thii,  nr  do  ihc  lincfl  simply  Ktart 
from  and  end  on  the  iron  and  the  magnets  ^  We  <:annol, 
of  course,  follow  ibe  Unes  with  our  iron  filings,  or  our  search 
magnci  into  the  interior  of  the  iron,  btit  two  experiments 
may  Iw  cileil  here  va  iU|>|ioriing  the  formei  view.  First,  tf 
A'v  cut  cither  the  sofi  iron  or  the  magnet  across  lh«  assumed 
direction  of  the  lines,  and  draw  the  pieces  n  little  bit  apart, 
we  find  lines  in  tlve  ga|i.  This  is  not  roncUisivc,  as  their 
presence  there  might  be  otherwiie  explained.  Ittii  if  the 
lines  ran  through  the  iron,  the  malai.-tl  of  tltc  iron  should 
be  in  a  state  of  Ktrain,  or  ntorc  slrinly,  ihc  ether  within  it 
sbmild  Ik.'  slraim-d,  ami  with  it  ihe  m.ilerial  which  modifies 
its  action.  Now,  ne  have  3lrc;iily  |K>inU-d  nut  that  when  a 
rod  of  iron  is  su<ldenly  magnetised  in  the  diicetion  of  lis 
length,  tl  beromcs  slightly  hmger,  and  at  the  moment  of 
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magnetisation  a  sharp  click  is  licard,  as  if  the  fnateriil  were 
being  strained.  The  best  evidence,  however,  that  the  lines 
really  nin  through  llic  iron  is  lusctl  upon  magnclcHilcctric 
cvpen'incnts  to  which  wc  shall  refer  later  on. 

In  this  way  of  kxjkinj  at  tlie  facts,  a  |iicL-e  of  roai;nciic 
inaieri^il  is  nia^iictUcil  wbene^cr  magnetic  Itnci  run  tliiongh 
it,  and  it  is  pcrmancntl)-  magnetised  if  these  lines  accom- 
pany it  whcq  ii  i«  moved  about. 

Tlu:  "  two-fluid  "  method  of  rc^rding  the  plii-numcna 
lends  to  thf  s-itmc  result  as  the  "  lines  of  force  "  method,  if 
we  Mijipose  dcfmiie  (luiintilies  of  tlie  north-»eeking  fluid 
x[Mrcad  orer  the  jxtrii  of  the  iron  where  tite  magnetic  lines 
run  out  iniif  tlK  air,  awA  similar  <iiiantiii(^  of  s-Juth  seeking 
duid  spicad  over  those  [larts  where  the  lines  run  in  from  the 
air.  Hut  we  ean  haw  iron  very  highly  magnetitied  without 
the  liiKS  goinj  out  into  the  air  at  all,  or  only  passing;  through 
the  air  .icross  narrow  gaps.  It  is  tiscless  to  attempt  to  deal 
with  thrw  c.i*c»  by  the  two-fluid  lhcor>\ 

The  [>hennmen3  of  induction  are  therefore  10  be  re- 
gar<lcd  in  this  way.  Whenever  a  piece  of  iron  or  sieet  is 
placed  in  a  magnetic  field,  however  produced,  it  guthcrs  up 
into  iiKlf,  as  it  were,  a  much  hirgcr  numl>ciof  the  magnetic 
lines  than  pns»ed  throujch  tJte  air  which  it  displwres.  It 
thus  becomes  maf;neiised,  and  has  tlic  so-called  pobr  regions 
on  its  surface  where  the  lines  run  in  and  out.  It  b  found 
also  that  if,  while  il  is  in  the  field,  it  is  subjected  lo  vibra- 
tion or  !ihock  of  any  kitM),  such  n«  the  blow  of  a  mallet,  it 
bcconws  more  highly  mn^iteiiKed,  nitd  more  ntagnctk  lines 
run  ihrou);h  it.  IiK!ee<I,  the  total  numWr  of  lines  in  the 
field  may  in  this  way  lie  considerably  incrcasi-d.  Con- 
siderations such  as  Ihcse  luive  led  to  the  most  rcrcnl  theories 
of  nwgnciiMili^m  investigated  liy  rrofcssor  Hughes,  Pro* 
fi-wor  F.winK.  and  nlheni. 

'       'le*,  a  piece  of  imnMgnctiscd 
iron  II  of  an  infinite  numltcr  of 
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magneliMtl  partkles  each  rarryitij;  a  nimilier  of  lines  ol 
force.  But  the  whole  mass  a]>]K;arH  lo  he  unuiagneiii«d, 
brrauttr  these  niat:'*^'^^^']  {kinirlcs  and  ihcir  lines  fonii 
dDKCtI  mrignctiir  iihaini  /V/t/i/c  [he  iron,  nnd  none  of  lltc  lines 
leak  out  into  the  air  m  all.  ThfrTi.-  (-.111  tliut  he  no  evidence 
ofniacnctic  jtoUrity.  If  ilm  piece  of  iron  he  now  |)bced  iit 
a  magnetic  fleld,  the  magnetic  forces  of  the  field  tend  to 
turn  the  magnetir  molecules  with  their  axes  in  the  direction 
of  ihc  litiw  of  the  e\iernid  fii-ld,  and  if  the  molc^'iiles  nru 
not  too  tiftidly  held,  they  rotate,  and  the  i-toM»l  nutgnctic 
chains  inside  the  iron  arc  opened  out.  This  process  is 
assisted  by  disturbing  and,  as  it  were,  freeing  ihenioleculca 
with  mcchunic.il  or  phyMr.it  vibrations  or  shocks  of  any 
kind.  The  »).-t};neltc  lines  iif  ibc  molteiilc*  now  nin  out  ol 
the  iron  and  compleie  their  circuit  through  ihc  air  or  sur- 
rounding medium.  If.  when  the  iron  is  removed  from  (he 
magnclK"  (ie!«l.  llieiticleciiles  can  rolatewilh'omjiamiive free* 
dom,  and  again  close  tip  their  in.igneiic  chains  inside  the 
iron,  the  mngnctiNilion  is  only  ttmporary.  This  is  the  case 
with  soft  wrought  iron.  It  n  ptrmaiitNt  M  the  molecular 
rigidity  is  capable  of  retaining  the  molemiles  in  the  direc- 
tions in  which  they  have  been  set  whilst  in  the  magnetising 
field.  Steel  has  the  necessary  molecular  rigidity,  and  hence 
can  be  permanently  magnetised. 

More  rccciilly,'  Professor  F.wing  hat  shown  that  most,  if 
not  ail,  of  the  phenomena  of  magnetisation  and  magnetic 
induction  arcimil.itcd  by  groups  of  small  magnets  placed  in  a 
magnetic  ftehl,  whose  strength  U  Kradiinlly  increased.  The 
little  magnets  are  [nvolii'd  on  their  centres,  and  place*!  <)uilc 
close  together,  so  that  ihty  mulually  infiuence  one  another 
by  the  ordinary  m.ignetic  nttr.ieiions  and  icpiilsions.  As 
the  strength  of  the  influencing  field  is  gradually  increased, 
the  external  magnetic  elTei-t  of  this  gmnp  of  little  magnets 
passes  through  very  much  the  same  rari.ittons  as  does  the 
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exiL-rnnl  magnetic  eflcct  of  a  Ixir  of  soft  irun  similarly  placed 
in  a  field  of  magnetic  force  whose  strength  is  ^rndually  in- 
rrcascit.  What  these  changes  are  we  shall  dcsriilio  full)' 
lalof  on  (iKige  i>i5),  bill  wcmniUl  here  point  otil  Out  Hughes 
ami  Kwing,  m  w;ll  a«  many  other  philodopHer*.  hegin  by 
assuming  that  t)H'  moleciilo  of  the  iron  arc  already  itiagncis, 
and  e)i[)]ain  the  various cffecisas the ronKefiucncesorrcrtain 
movetncnts  of  lltc  molecules.  Some  sricnlisls,  noUhly 
Ami)l.TC  and  I/ird  KcUin,  hare  gone  a  fitc|>  furihcT 
Ii3f  V,  and  luvc  promiilgatcfl  theories  which  attem|K  to  cx- 
pUin  haiv  ii  is  that  llic  molertilcs  arc  already  magnets. 
Their  cxiilaiiniions  present  difficulties  which  vxpcrimcnis 
liavc  nol  >X't  removed,  and  which  lie  somcwhal  beyond  the 
■cope  nf  this  work. 

LtMving  theories  on  one  side  for  .1  time,  wc  {m>iiosc  nov 
lo  dei'otc  a  few  pagei  to  the  n-m.irkalJc  phcnomeiui  whinh 
nrc  (iitially  rla«c(J  together  under  the  title  of  letre^lrial 
magnetism. 

TKRRILSrRIAL   .MAONPTrlSM. 

One  of  the  most  interesting  and  important  of  ihe  mag- 
netic fiehh  that  we  can  possibly  investigate  is  that  found  to 
exist  at  all  parts  of  the  surface  of  the  earth  on  which  wc 
dwell.  It  is  interetiling  liccauK  it  is  always  preKcnl  with  lis, 
ready  lo  iiHlicalc  its  exUtcncc  .it  alt  times  when  sought  for 
by  proper  methods,  and  also  because,  although  some  of  its 
effects  have  liccn  known  now  for  hundreds  of  years  it  sliU 
pri'scnts  im^i!vi-<)  problems  to  the  M'!eiili?il,  .-Vml  tt  is  im- 
porl.int  because,  by  ils  aid.  the  maiinci  has  been  rendered 
to  a  great  extent  indcpei>denl  of  the  fitful  and  not  always 
obtainable  assistamre  of  the  heavenly  bodies  in  guiding  his 
course  across  the  trackless  oceans. 

We  have  aheady  rtfetrcd  to  ilie  longest  and  liesi  known 
of  tlw  cffecis  of  this  cvcr-j«cseni  magnetic  field.  If  a  mag- 
netiafd  siecl  needle  be  mounted  (assbown  in  Kigi.40  or^i) 
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so  as  lo  be  free  to  roLile  in  n  horisuntnl  |>lnne,  oiic 
end  or  it  always  |>oints  in  a  northerly,  direction,  ai)d  is 
tiitully  cnlkxl  the  north  seeking,  or  more  shotily,  the  north 
poll"  of  the  mngncl.  Hut  this  is  not  the  only  cfffct.  for  if  n 
Ion;;  |>iec<;  of  «icel  lie  mounted  so  .1.«  to  be  frrc  to  turn  almul 
a  vertical  axis  (as  in  I'if;,  54), 
aiul  tw  mechanicalljr  talnnced 
Iwfore  maj;nrlisation,  then  .iftcr 
It  is  nugnetiM-il,  iu  nuitli  i>ok> 
A/j  downwards  in  tlie  norlhcrn 
licmispherc,  and  in  sonic  planes 
the  oeeillc  will  *ian<!  vcriirally. 
Sinre  n  mii};netiscd  rml  01  needle 
free  to  rotate  on  its  centre  always 
Hits  in  the  ilircclion  of  the  lines 
of  force  of  tlie  magnetic  field  in 
which  it  is  [J.iccd,  the  above 
facts  shoir  1h.1t  a  tcncslrini  mag- 
netic fieUI  does  cKt^i,  and  that  Ihc 
lines  of  the  earth's  field  are  not 
level.  ImiI  are  more  or  less  in- 
clined to  ihc  horiion.  'ihc  fidd, 
howe^ei,  is  too  weak  to  be  nude 

mnnifc:atli)- means  of  ironfilin)(t  in  1  he  usual  way.  liiii  its  gen- 
era! direction  in  these  islands  would  be  represented  by  a  series 
of  duidistant  jurallcl  lines  drawn  pamllcl  to  the  dircrtion  in 
vhich  the  (li|>|iin{i;  needle  «ls  when  turned  *o  as  to  Ik  free  to 
move  in  a  plane  parallel  lo  t))c  horiiontal  needle  or  eomjxiM. 
These  lines  would  therefore  trend  northwards  ;  they  would  l>e 
inclined  to  the  horixont^l  plane  at  an  angle  of  about  67'. 

'Ihe  existence  of  tlie  lield  <uin  aUo  be  discovered  by  its 
induetis'e  action  on  soft  iron.  Thus  if  a  bar  of  wrought  iron 
be  held  parallel  to  the  dipping  needle  when  set  as  just 
described,  il  will  be  found  tliat  the  lontr  end  of  the  bar 
i*  a  fceWc  north  (loU-.     If,  howevi-r,  the  h.ir,  whiKt  in  tbi.'S 
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position,  be  sinick  with  n  mallei,  «  stibjccicd  lo  «wne  kind 
of  mechanical  xhork,  it  iK^omcs  much  more  xiroiitiiy  mag- 
nctised  This  is  exactly  whnt  wutiM  hive  ha|tiicnctl  if  the  bar 
had  hccn  put  into  a  mngnctic  licid  due  to  jictmancnt  mag- 
nets and  similnily  treated.     ]n  this  icspcct.  ttK-rerure,  the 
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earth's  field  is  exactly  analogous  to  the  fivltl  doc  to  per- 
RunenI  ina(:netH  ;  any  difii;rt'nc«  can  \ie  in  decree  only,  nnd 
not  in  kind,  (irlbcrl  discovered  that  iron  could  Iw  ina);net- 
iscd  in  this  way  by  the  action  of  the  carih  aionc,  and  I-*ig,  55 
is  taken  Trom  hts  book  "  l)c  MogiMMa"  It  TCprcwnts  a 
I)bi*ksinith  hamflierfng  a  rod  of  hot  imii  Jujtt  iil^eti  rmm  the 
r>re ;  the  ru<l  is  bdng  held  in  a  rKirth  and  »>iith  direction,  ax 
is  shown  by  the  words  "austcr"  (sotilh)  at  th«  door,  and 
*'  sc|>ienlrto  "  (nonh)  on  th«  adjnreni  post.  When  the  bar  is 
cooled,   and   the   hammefii^  Tinbhed,  il  is  Tound  10  be 
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magnetised,  with  a  norlh  pole  at  the  end  that  was  directed 
towards  the  north. 

l-'iutft  Mich  as  ihate  led  (^illKti  to  pro|M>i)nd  (he  lheoi>' 
10  which  wc  haw  already  alluded,  thai  the  ear/A  h  tt  j^na/ 
mai;iif(,  and  l>j'  aid  of  Ihis  tlicory  he  was  able  to  cx|>Uin  all 
the  fa(!ts  of  Icrrcttiial  magnetism  known  at  his  time.  But 
the  (>osition»  of  the  earth's  mngnetic  \vy\a  do  not  corre:tix>n() 
with  ihosc  of  the  poles  of  thi.'  i\\s  o(  ratalion,  or  the  geo- 
graphical poles,  and  it  was  not  until  1831  that  the  position 
of  the  magnetic  pole  of  Ihe  northern  hcniis|ihcrc  was  fwiin<l 
by  Sir  J.  C.  Koss.  It  wa^  then  situated  in  Boolhta  Felix,  10 
tlie  north  of  Nodli  AmcrJcn,  in  tatitiide  70"  5'  N,.  and  lon- 
gimde  <)(>'  4'i'  W.,  and  wa^  mntc  than  1,000  miles  from  the 
Ideographical  pole.  'I'he  magnetic  pole  of  (he  southern 
hemisphere  has  never  been  reachc<l,  but  olwervationa.  show 
ilut  it  iniKi  he  situated  somewhere  on  the  great  ice  <uip 
which  surrounds  the  gcographi<:al  south  jwle.  Certain 
irregularities  in  Ihc  distribution  of  the  magnetic  lines  in  the 
southern  hemisphere  were  once  suppcwcd  to  in<licatc  that 
there  are  two  like  poles  situated  within  this  region,  but  it  i^ 
quite  possible  that  the  irregularities  are  due  to  local  disturb- 
ances, and  thai  there  is  only  one  true  pole. 

The  Mariner's  Compass.— For  the  purpose  of  finding 
the  direction  of  llio  ejnlinal  points  at  ^ea  when  the  sun  or 
the  stars  are  hidden  by  clouds,  a  particular  an.-uigcnicnt  of 
the  horiiontaliy  balanced  magnetic  needle  is  employed. 
S«ch  a  needle  alwa>-*,  when  at  rest,  sets  in  the  direction  of 
the  horizontal  comjioncni  of  the  eaKh's  magnetic  force,  or 
approximately  north  and  south.  The  line  along  which  it 
points  is  r.iiled  the  "  magTietic  ineridi.in,"  since  it  indicales 
the  direction  of  magnetic  north  jutt  as  the  geographical 
mcridbn  imlicilcs  the  direction  of  the  geographical  or  true 
north.  But  needles  supported  as  in  Figs.  40  or  41  would 
be  useless  at  sea,  since  the  ship  on  which  they  are  placed  is 
lialile  to  pile])  and  roll  in  every  imaginable  direction.     \ 
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spccuilkiiul  of  muunting  Ik  Ihereforc  rccjuiredi  and  some 
])tnriii:il  dct:ii1s  arc  a<lilc<)  for  tlic  [nir)x>se  of  fnctlitnllng  the 
TL'ailiiig  of  t1ic  itisttunicnt. 

TxSr  S^  represents  ihc  mourning  of  an  ordinary  "  ship's 
compass."    The  needle  is  iMvMleil,  \\y  means  of  ihe  cop  (C) 
.'itUrhed  lo  it,  ncir  (he  mouth  of  a  hemix{>t>CTieiitiy  tlinjted  ■ 
liowl   (It) ;  [))c  pit-ol  Upon  which  C  restx  riite^  from  the 

bottom  of  the  l>owl, 
.  ->■    iV.;,  which      is      heavily 

weighted  with  trad, 
Ko  as  to  lo<rer  tlw 
centre  of  gravity  lie- 
low  the  line  on  whkh 
the  Imwl  U  swun^. 
Ihcbowl  issitsprnded 
in  "itimhalx,''  nhich 
<  onsist  of  two  ihort 
-Tulrs  (XXX  '^  ihe 
same  diameter,  swing- 
ing freely  tn  two  holes 
or  hejtin^s  in  t)ie  11:11 
mcul  rint;  (RR);  this 
ijn^  in  its  turn  is  supjioncd  by  tno  other  short  axles 
(VV)  placed  at  the  eitds  of  a  diameter  at  right  angles  to 
XX,  atxt  n-otking  in  Ino  l>catin^  in  the  outer  ca«e.  The 
effeci  of  this  syitem  of  mounting  is  that,  however  ihe  outer 
ease  is  tilled,  ihc  ntouth  of  the  Imwl  remains  horiionial.  and 
the  pivot  vertical,  thus  countcnKting  the  effect  of  the  rolling 
and  pitrliini:  of  the  ship  on  which  the  compass  is  used.  The 
needle  ilxtflfbuMtallyRonet^iIedltya  circuUrriird  placed  over 
and  attached  to  it,  the  i>osilioii  of  ihc  noTlti  Keeking  )iotc 
of  the  needle  undenn-ath  the  card  being  indii:ated 
by  some  fanciFul  device  swrh  as  is  seen  in  the  figure. 
The  rim  uf  tin-  rani  i*,  as  a  nile,  ilitiiled  into  dcgtcw,  and 
,ilu)  hat  marked  on   it  tlie   thirty-two  ]>i>int«  tiy  whiih  the 
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mariiKf  ts  itccuslonictl  to  dcHignate  the  variouit  huruonlal 
dtreciions.  The  line  shown  on  [he  Jnudc  of  ihc  bowl  denotes 
ihe  diicclion  of  the  ship's  "  head  "  as  seen  from  ihc  pivot  of 
the  coiupass ; consciiucnily.ihe direciion  (nugnctic)  in  wliith 


Fig.  ».— Hmovo'i  <U*4  X*Ihb'4  Canton 

the  stii|f  is  sailing  is  denoted  h)-  whatcier  mark  on  the  card 
u  Inought  by  Ihe  niovenieni  of  the  compnss  o|>posite  thU 
lilH^ 

But  llie  com|>nsa  jiiht  OcacriWd  b  (»t  (torn  Iteitijt  (lofvct : 
amongst  other  disAdt  aniages,  the  mov-^ble  paii  (the  caid 
and  necdk)  is  so  heavy  th;ii  a  fjirl)-  Urge  friuiooal  error  is 
jiOHsil>le,  and  the  Trii'tion  at  ihe  ^imKiIs  i.t  also  too  great  to 
keep  Ihe  rompaisl  lox  suflkienily  lei'cl.     To  r«n\«>i'^  \\MeM 
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nnil  uiher  dtflccti,  Sir  WilUsm  ThomsoD  has  invcntetl  a 
much  more  cUt>oruie  compass,  vrliich  is  now  widely  used. 
'Itic  esscntiiO  |>3ils  of  the  inoiiRtin;;  of  the  card  arv  shown  in 
Figx.  57  iind  58,  Ihc  IsUcr  figurt  being  a  ivction  Uirough 
tti<;  ^u|i)Hjrtiiig  \nviA.  'Ilicrv  is  a  central  box«  <>j}  with  A 
«i[)pbiic  or  tuby  caji  {b)  nM\n^  on  Ibc  pivot )  lo  lliis  boesx 
lij{ht  nluniintuin  rim  if)  is  aiUicbcd  b)-  thirty-two  6m  platt- 
nuiii  wires  or  spokes  {((),  each  one  of  which  ps&scs  from  a 
hole  ill  the  I1UK1 10  a  cotrcspondini;  hole  in  the  rim.  I'he 
con)[us»  card,  which  cOfiiiKts  of  the  (.irctunfcrcntuil  jrortion 
only  of  all  ordinary  conijuuN  card  (<>.■  liic  fioniMii  cofiuin- 
iiij;  the  tniirlis),  is  su|tponcil  jiaitly  by  the  rim  and  )>an)7  by 
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the  ^ijiokL-H.  The  needles  are  eight  in  numbcf,  placed 
pncaltL-1  li>  one  another,  a»d  twund  together  by  the  line 
pbtiiium  wires  («) ;  they  arc  then  suspended  from  the  rim 
IkIow  the  level  of  the  boss  by  ineann  of  the  four  fmc  wires 
atiadivd  lo  holes  in  the  end*  of  the  two  csnumc  ni3;;ncls  of 
the  set  Thew:  win-*  are,  of  course,  attached  10  such  |>oints 
of  the  tint  as  to  cause  the  magnets  to  hang  lurallcl  to  t}ie 
north  and  south  line  of  the  card.  In  thit  way  a  very  light 
UHivable  card  aiiil  niagrK-tic  syueni  is  obtained.  For  in- 
Mancc,  a  coirijia^is  10  iiK-hes  in  diamclcr.  with  S  needles 
from  I  j  to  J  ini-livs  loot;,  only  weii^hed  178  gniiii>,  and  at 
tfbsgow  took  38  seconds  m  niake  oiw  osciltatioti  when  dis- 
lurticd  from  Its  jiontiun  of  rest  To  diminish  the  frit  lion  at 
the  i-iiiilKib  lliey  arc  swunj;  on  knife  edges  instead  of  on 
ordirury  a.vlcnand  bearings,  and  to  still  hut  her  steady  the 
imM.-  ctiniainintt  the  compass,  a  \at^  Ixiwl  of   a  vtMrous 
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i(|uid  is  atiaclietl  immediately  below  the  !(up|»>it  of  the 
pivot. 

W«  must    not  Icivc   ihiii  part  of  tlie  subject  without 

Teferring  lo  a  iliflictilty  winch  at  cnc  time  ihfwtcnti!  to 

very  seriously  iiniiair  the  UM^fulne.ss  o(   a  c«in]xiKt  nhen 

carried  on  an  iron  &lii]>.     From  wliat  we  lute  already  said 

(p8|c  M  6)  it  will  be  easily  undcrslood  thai  the  mere  presence 

^Kof  the  iron  of  thi:  thip  mii»t  .ifTcct  the  magnetic  field  of  the 

^Hcatlh,  to  ihe  dlreclivv  iieiion  of  which  (he  coinptus  on'Cs  its 

^Hvolub     But  in  A<ldiiioii  to  this  it  must  he  mneni tiered,  that 

^^whitstlH-inKl)Uilt  iheshiji  was  placed  with  it&head|>(>iniini;in 

a  definite  Ketijpaphital  direction,  and  was  subjected  lo  all 

liiixlii  ormechanicEil  shocks  simiUr  to  those  to  uhich  ( iilhcit't 

liUcksiiiiih(pa){ei32)  treated  his  iron  <>n  tile  anvil.  The  result 

I        is  the  same  in  the  two  cases,  namely  that  the  mass  uf  iron, 

whctlKT  ship  or  horseshoe,  bc<^^omcs  magnetised,  and  in  the 

^^  case  of   the  ship  thi*  ni.-ignetism,  unless  counierjcled  in 

^H  some  way,  must  teriously  aRccI  llic  comiMUs.     Vi'v  thus  sec 

^^  that  when  the  ship  is  sailing  tii>oii  aiiy  particular  course  it  is 

a  somcu'hat  coini>lcx  magnet.     There  is,  first,  the  pernian* 

cnt  magnetism  of  the  ship,  gi>-en  to  it  whilst  on  the  stocks ; 

Eand,  secundly,  the  (empotary  magnetism  induced  by  the 
earth's  field,  the  niagnitude  and  direetioii  of  which  rela- 
tively to  the  comp.iss'box  will  depend  u|Hjn  ihc  direeiioii  in 
which  the  ship  is  saih'n^.  The  prolileni  of  the  effect  uf  the 
various  magnetisations  on  the  compass  is  a  complicated 
mathemaiicat  oite ;  it  ms  solved  by  the  late  Asironomer- 
Royul,  Sir  tieorge  Airy,  who  indimied  how  compcnsJling 
magnets  might  t>c  pba;d  in  the  nei);htiourhoDd  of  ihc  com- 
^^  pass-box.  Lord  Kelvin  lias  invented  methods  for  pbiirig 
^h  and  ailjusting  these  magnets,  and  determining  any  out- 
^^  standing  errors,  btit  ihcK  nielhods  arc  too  elabor^ic  to 
^B  describe  here.  As  an  addilioiul  inecaiilioit  for  determining 
Ihc  errors  of  the  stecriug-conipass,  it  is  customary  to  have 
a  special  compass  mounted  at  the  top  of  a  sKom.  tKv.-At^vi 


iiS 


TttK   EteCTKIC  CURKF.S'T. 


tmst,  so  as  to  be  as  far  away  as  possible  from  the  itoD  oT 
the  thiix 

OeclinatioiL— ^^'I:  have  ^ecu  that  the  mftgnetic  i>oles 
do  not  coincide  with  the  geographical  poks,  and  as  Hid 
ComjiaM  nccillc  aUu)];  jioinu  liiwiirtU  the  fimncr,  it  !$ 
evident  that  uiily  over  a  limited  area  of  ibc  earth's  sutEice 
will  the  needle  point  to  the  true  north.  These  ptac»  will 
manifcslly  be  situated  where  Ibc  true  and  the  nugaclic 
(lolex  in  the  lanie  hvtnisplierc  appear  approximately  in  ltn« 
with  one  another.  At  all  other  places  ihc  mn^itetic 
n]eTidi.in  will  make  an  angle  with  the  geygrapUical  nicritlian, 
ai)d  the  magnitude  of  ilie  angle  will  defieiid  u|khi  the  reU- 
ijve  porulions  of  ihe  plare  ami  the  true  and  inaifttetic  |>olcs. 
Thi.i  arijilc  is  tall  the  liet/hhitiun,  or  sumeliiiies  the  s\triaii«H 
of  the  needle,  and  is,  briefly,  the  angular  Liror  by  which  Uic 
north  indicated  by  the  rx)m|i,i$s  needle  is  distant  from  the 
true  north,  llic  fact  of  the  ducliriatiun  wa^  knoDii  from 
vciy  early  limes,  but  Ihc  discovery  that  it  was  different  at 
di detent  parts  of  the  c4iiths  surface  was  ni-ide  by 
CoUimbux. 

As  the  deelination  varies  from  |>laee  (o  place,  and  at 
sonic  parts  of  the  earth  is  a  con»derable  angle,  it  is  very 
esfcniiol  that  the  navigator  should  know  its  value  for  ihe  {ur- 
ttcular  place  at  which  he  is.  Magnclk:  surveys  have  therefore 
been  carefully  made  all  over  the  navigaltle  oceans  and  Ihe 
dc4:]ination  determined  at  a  sufficient  number  of  points,  to 
alluw  the  results  lo  t>e  emtK>died  on  the  charts  in  a<ldition 
tu  the  other  information  euntained  Ihcrcon.  To  determine 
the  deelinntioii,  It  is  necessary  to  find  llic  true  north  by 
ostronomicat  observations,  and  compare  il&  [wsition  wiiti 
the  magnelii  north  ;is  indicated  by  the  compass.  The  way 
in  which  the  results  are  recurdcd  ftpr  reference  bas  follows: 
A  number  of  pouits  at  which  ilie  declinations  are  all  of  llic 
same  value  are  found,  and  these  |>oints  are  joined  by  a  line 
on  the  chart,  the  value  of  the  |i.uticular  declination  being 
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marked  on  the  ttnc.  Then  another  series  of  points  lit  found, 
all  having  the  same  dcrlinntion,  hut  oi  a  JifTctcnt  value  from 
ihat  first  oht:iine(l,  Thwo  nrc  (ilniiod  <lown  nt»d  joim-d, 
and  [hen  ulh«r  tinir^  aic  siniilitrty  dr.i»n.  In  ihiK  way 
the  chntt  finnlty  containt  a  numhcr  of  lines  aloti|[  each  of 
which  the  declination  hax  a  (Icfiniic  vjluc,  which  is  recoidcd 
on  it.  Such  ttne.i  sre  known  as  isogenic  l>n<.-«,  or  Iso- 
gonals,  or /i'ms  oJ  f^funl  deiliHathn. 

On  tlic  following  page  we  give  a  chad  on  Mcrcator's 
projection,  showing  these  i«}gonnIfi  for  all  parts  of  the 
hahitulile  earth  and  navigahle  oceaa't.  The  linn  indicating 
eanerty  declination  ate  dotted,  and  those  specifying 
westerly  declination  arc  drawn  full.  It  will  be  noticed  that 
the  tine  of  so'  West  declination  ctossls  Ivngland  from 
llrtslol  lo  ihe  mouth  of  the  Wear,  whilst  ihe  line  of  ig' 
West  declination  passes  through  the  west  of  (!onnauj;ht 
and  tbrotigh  Ihv  i'lcbridcs.  Between  these  two  lines  the 
declination  has  values  lying  between  ao'  W.  and  35'  W. 
There  are  two  inaiti  lines  of  no  vaiiiition,  that  is,  line* 
along  which  the  com|»ass  points  lo  the  true  geographical 
north.  One  of  these  passes  down  thioiigii  Caiiada  and  the 
lake  district  of  North  Anietiira,  through  the  L'nilcd  Slaits, 
the  West  Indian  Islands  and  Brazil  into  the  Southern 
Ocean.  The  other  passes  down  through  European  Russia, 
a  little  to  t)ie  ea«l  of  St.  Petendmrji,  through  I'ersin, 
across  the  Indian  Ocean,  and  the  western  corner  of 
Australia.  There  is  also  a  curious  loop  of  no  varia- 
tion, embracing  K-i^iern  Siberia,  Japan,  artd  a  large 
portion  of  China.  Wherever  a  line  of  no  v.-uiiiion  is 
crossed,  the  variition  ih.inges  from  easterly  to  westerly, 
or  via  vtriA, 

The  lines  on  the  chart,  howewr,  only  show  the  general 
trend  of  the  "  isngonal^."     Hut  even  there  it  will  be  seen 
that  the  regular  ilow  of  titc  lines  from  one  maftnetie  |X>le  10 
the  other  is  sciiously  disturbed  ovrr  Urge  scciiioTO  ell  i)»\<i 
J 
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cvth's  surface.  In  uMilion  ihe  lines  are  aflccte*)  by  Kmalter 
"regional  "    dtslurlictnccs  and  still    smaller  "locsl"  dis- 


lufbances.      'llwsc  minor  disturbances  have  been    very 
laborioudy  investigated  by  Professors  KiickCT  mv4  'VViwyi 
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in  a  recent  ruMarch,'  in  which  they  ni^de  a  iniiiuie 
magcictic  wtvcjr  of  the  BritbJi  Isles.  The  inie  iso- 
gortnls  i<x  Ihc  year  1886  axt  shown  in  Fi^  60,  which  is 
re|iro(luce<l  (hKn  one  of  their  nups.  'I'hc  lines  do 
imt  ffo  3trai|;ltt  acrou  the  country,  lu  mi};hi  \*t  infcrml 
from  (he  foresoing  chaii,  but  arc  im^ular  in  shape,  merely 
following;  the  general  direction  or  the  lines  on  the  chart, 
l-'rom  a  xttKly  of  the  geology  of  the  distriiXs  where  dJN- 
[urliance*  occur,  1>rofe»om  Rucker  and  'n»or|»e  maltc  the 
iinpoitani  deduction  that  these  dislurhanres  are  due  to 
"  the  presence  of  crystalline  rocks,  and  especially  of  ba.salt. 
cilhcT  visible  on  the  siirfaee,  or  concealed  by  supcrimpoted 
inuset  of  sedimentat)'  strata."  It  is  thus  rendered  probable 
tliat  tlic  larger  dtsturtuittces  depicted  in  Fig.  59  arc  due  to 
KimiUr  causes  on  a  vuter  scatc. 

Dip  or  laclination. — The  dipping  needle,  when  free 
to  move  in  a  vcriiral  plane  containing  the  nugnetk  meri- 
dian, nulccs  a  delintte  ai^te  with  the  horizontal  plane ;  thb 
angle  is  called  the  dip  or  the  imtinalion.  If  the  vertical 
plane  in  which  Ihc  needle  moves  w  not  that  coniaining  the 
m.ignctic  meridian,  Ihc  angle  \f,  always  greater,  and  wtien 
the  plane  of  movL-ment  lies  magnetic  ea.it  n»d  wcU,  the 
dippiii}:  needle  will  point  vertically  downwards,  because  itt 
this  plane  the  vertical  direction  is  the  one  whirh  most 
nearly  cornnjionds  with  the  actual  direction  of  the  lines  of 
magnetic  force.  It  should  he  renicinbered  that,  before 
mngnetiiation,  the  di|>|>ing  uecdle  ts  balanced  as  perfectly 
as  posiible  on  its  pivots,  so  tliat  the  whole  of  the  "dip" 
shall  be  due  to  magnetic  Torres  only.  In  Ihc  plane  of  the 
meridian,  a.i  we  have  already  remarked,  tltc  dipping  needle 
lies  along  the  lencslrial  Uncs  of  force. 

The  value  of  the  dip  varies  n-ilh  ttK*  position  of  the 
pbce  of  observation,  and  to  dcicnninc  it  aminitcly,  a  needle 
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is  used  which  is  moie  elaborately  mounicd  than  that  shown 
in  Fig.  54. 

A  )>imi>le  fonn  of  the  "  dip  cicclc."  ax  it  is  <.'nUed,  is 
illu&UatciI  in  I-'i(^  61.  A  long  mafineciscd  n«edle,  n  ^,  tB 
mounicd  so  as  to  be  free  to  turn  in  a  vertical  plane  round  a 
boriionul  3>i6,  w,  and  its  position  is  read  olT  on  the  vertical 
circle  /'f.  'I'hc  rnmc  containing  the  ncedlv  witli  its  pivou 
and  circle  can  be 
Totaled  a)>out  a  vettt- 
cal  axis,  and  its  angular 
)x»ilion  read  off  on 
the  hori/onlat  circle 
A",,  by  moans  of  the 
vcmivr  M.  l-'in.il1y  the 
whole  instrument  b 
mounted  on  levelling; 
screws,  and  when  used 
ix  cart-'fully  lo%-)k-d  by 
the  aid  of  the  spirit- 
level  seen  inimcdLaicly 
beneath  the  vertical 
ciicle: 

By  using  such  an 
instrument,  the  valties 
of  the  "(lij)"  csm  be 
found  at  various  |K>ints 
on  the  surfxcc,  and  the 
Ksuhs  [iloltcit  down  on  the  maps  in  a  similar  way  to  that 
adopted  for  tin:  vatjing  values  of  the  "declinaiioti."  That 
i«,  places  where  the  "  dip "  is  the  same  are  joined  by 
a  line  marked  with  the  value  of  the  di]),  and  called  an 
IsocHhu.  'ITtcsc  lines  are,  as  a  rule,  at  right  angles  to  the 
isogoiulx,  and  arc  subject  to  similar  irregularities;  The 
line  of  m>  indinalion  along  which  the  neodic  sets  hori«inE' 
ally  Uc3  irregularly  in  the  neighbourhood  of  the  t^iaXtn. 
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As  wo  recede  from  this  line,  the  di|>  increases;  in  the 
nonhcTii  h<.-mi sphere  ilic  north  seeking  end  of  the  needle 
<lijK  downwiirdv un'l  ■»  'he  southern  h«inisph<;re  the  »outh> 
seeking  end.  At  the  magnetic  jiolei  the  dipping  needle 
stan<)5  I'erlica]  in  a1t  planes.  The  dijipiii^;  needle  when  pro- 
jx-rly  adjusted  /A».V'»  Mf  aduat  dirtdton  of  Iht  litis  e/  farrf 
f>/ the  Earlh't  I'i(ld»\.  the  pUct-  or  obac nation. 

Magnetic  Force.— The  complete  knowkdge  of  the 
magnetic'  ficltl  uf  ihc  caitU  «I  any  point  involves  the  de- 
termination of  ihc  magmtttdt  as  well  a.i  the  liirtelhtt  of  file 
nia(;neiic  furcc  at  that  point.  'Hii.t  determination  of  the 
magnitude  of  the  earth's  magnetic  force,  or.  as  it  is  sonie- 
limcs  called.  Uic  "  intensity  of  IcircslHnl  m.ignclisnt,"  can  be 
effected  in  ncveral  n:i)s,  AH  thesi-,  hovFc^ft,  nfc  sonicwhat 
complicated,  anda  full  description  of  anyone  of  them  would 
lead  us  beyond  the  limits  laid  down  for  this  book.  A 
method  frequently  used  in  England  consiil*  in  first  observ- 
ing the  efre<'[  uf  a  tlalion.iry  ma^-net  on  a  little  comjiass- 
needlc  conitolled  by  t)ie  earth's  tieUl,  and  .-ifteru'atds  sus- 
pending the  fomicT  magnet  hofizontally  by  a  thread,  sitd 
noting  the  linic  of  an  oscillation  when  under  th«  action  of 
the  caul)  alone.  The  first  obseivatiun  given  the  rath  of 
the  maxHelU  momeni  of  the  deflecting  maf^net  lo  the 
ma^n^tu  Jortt  of  the  caoh ;  the  second  giccs  a  rcsali 
(Ic|)cnding  upon  the  product  of  Ihesc  two  qu.-uititics.  l)y 
cwnliining  ihc  two  results,  therefore,  the  values  uf  both 
[juantities  can  be  t-alailated.  Like  tlie  decUuatioii  and 
lUe  di|),  the  value  of  the  magnetic  force  varies  from  place 
to  i»Ian-. 

The  Magnetic  Elements.  ~ 'I'hc  three  quantities  lo 
which  wc  have  juii  tcfcmcd,  namely  : 

(i>  Tlw  declination, 

<>)  The  dijv,  or  inrlinalion, 

(j)  The  nugneiic  force, 
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usually  known  as  ttie  "nixgpeiic  c^emcmit,"  And  the 
d^itly,  or  hourlf,  ur  even  more  rre>iut;a[  il etc rm illation  u( 
(hum  is  one  uT  tlu:  chief  uhjcci!!  of  the  numerous  inagiielic 
otmctvaioiics  \ha\  nrc  now  scattered  over  the  face  of  the 
glolK'.  'I'his  is  rendered  nccKSsary  by  ilit-  fact  ihal  not 
only  arc  the  vsiliien  of  each  of  ihcm  diflVrcnt  in  difTcteiil 
|>lace3,  but  abo  becaui^  these  value*  are  ihennwlves  3ut)jcct 
to  rather  complicated  variaiions  from  year  to  year,  from  day 
to  Aiy,  and  even  from  one  hour  to  Dinolhcr.  Indeed,  the 
direciion  in  which  a  com|ia»s-ncedlc  points,  and  which  in 
early  days  wax  regarded  ii>  tio  tixed  that  its  invariability 
became  synilx>lical  of  i^n^tancy,  lurns  out  on  a  more  exact 
and  fuller  invt-siigaiion  to  be  one  of  tlic  most  variable 
farlors  in  the  wlrolc  range  of  jthysital  (|ii3ntilten-  It  «nd 
its  companion  elements  arc  m  a  coniiDua)  slate  of  ebb  aiid 
flowr  uivdcr  the  action  of  lawj,  the  full  tneaning  of  which  we 
are  yet  far  frimi  undenianding.  For  convenience  these 
variations  may  be  Krou|>cd  in  four  calejioiics  ; — (i)  secular, 
(i)  annual,  <3)  diurniil,  (4)  irregular— which  vc  ^11  briefly 
consider. 

Variations  of  the  Elements. -<i)  Stm/ar.  The 
values  of  the  declination  mul  inclination  at  aiiy  place  at 
which  there  arc  records  going  back  two  or  three  hundtcd 
yean,  arc  *-ery  different  today  from  what  they  were  when 
first  accurate  measurements  nere  taken.  Thii-s  ulixcrvations 
nude  in  London  about  the  year  15S0  gave  the  dcclinadon 
as  n"  ij'  Eaft,  whereas  it  is  no«  17  ^\'f}  IVesl ;  and  the 
inclination,  which  was  then  71°  50',  is  now  only  67*  yt''s. 
In  the  interval  the  decllivition  has  been  as  great  as  14'  ,^8' 
West(ia  iKiS),  and  is  now  slowly  diniinishinj^  In  1657 
there  was  no  declination,  the  needle  in  London  then  point- 
ing due  north.  SiiniUrty  the  inclination  has  been  as  h^h 
as  74'  43'(in  1720),  and  is  now  diminishing.  'Hie  fullow- 
ing  table  gives  a  few  of  the  values  that  have  been  recorded 
from  time  to  liinc  :— 
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v«,. 

11"  17"  i:»« 

jl-SO- 

is;« 

1600 

— 

73" 

,            1611 

6"  i>'    .. 

1         i^sr 

a"    o' 

73"  Jrf 

L       1691 

6-    tf  Wc*i 

1            <7» 

13*    rf 

74"  4"' 

1            «MH 

iT-^of 

r         1800 

«-    fc' 

ja"    »' 

tSiH 

at-a"' 

^■K 

\      'X 

24"    a' 
«"  40" 

69"  jtf 
68°  ty 

r        1SS4 

lb*    7-6 

*;"  y>' 

1891 

•T-  41  9 

67*  ii'-a 

An  examination  di  this  tabic,  Kliicli  U  siinilat  to  the 
tables  for  other  jibces  though  the  actual  values  are  dif- 
fcrcnt,  rcwals  two  ]>oinis  of  inttrcsl.  First,  that  the 
diaitgcK  arc  of  titc  nature  of  an  oscillation  to  and  fro  about 
some  mean  position  \  and,  wcondly,  that  the  period  of  a 
complete  oscillation  is«>longlhni,ahhou(;h  the  table  extends 
over  more  tlun  three  hundred  years,  the  earliest  vakn.-*  have 
not  yet  recurred.  If  wc  assume  thnt  the  geographical 
meridian  marks  the  ■.enirc  of  the  o«ctllaiion,  then  a  quarter- 
swing  of  the  declination  occupied  161  jrears  (from  1657  to 
l8t3),  which  t;ives664  years  for  the  tximplcte  period.  'Hic 
assumption,  though  jtrobablc,  must  not,  bowcwr,  be  regarded 
u  proved.  These  chains  have  been  usually  explained  as 
being  caused  by  a  slow  intution  of  the  magnetic  potc  round 
(he  geographical  pole  But  rcct'ni  compaiisotts  by  Captain 
Creak-  of  the  magnetic  maps  of  thi:  world  for  Tl!4oand  iSSo 
nhow  that  thiie  is  not-videnccof  tln-motiimof  Ihe  magnetic 
\tAia.    'I1u;  proximatt:  cause  of  tl»e  varbtiun  u  still  a  myUi-r)-. 

(i)  Annual  ('(m<i//owi.  —  Supcrposeil  Ujion  ihc  aboM- 
long  ficriod  changes,  there  are  much  smaller  change^  nli"  h 
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go  through  a  conii>1clc  cycle  in  the  course  of  a  year,  and 
seem  lo  de|>end  uiion  t)i«  position  oT  the  sun  with  r»])ec(  to 
ihe  ci|u:itor.  Thus  in  the  noiihem  hemisfiherc  the  decUn- 
Blion  is  at  a  maximum  disunce,  to  the  Eail  of  its  avcRtge 
value  for  the  year,  in  the  muiiih  of  Fi.-bmary,  wtiil&t  in  iht" 
munilu  of  Jtily,  Aiiguxt,  ot  ScplcnibLT  (ac<:ording  to  the 
I>osition  <>r  the  ubservin^-^tAtion),  it  is  it  maxmum  disilanee 
lo  the  (Vfil  of  (he  avcra|;c  value.  The  <:h)inget  in  the 
soiiihem  hemisphere  arc  siniibr,  but  opiiositc  in  diiection. 
The  variation  is  small,  seldom  exceeding  one  or  two 
nuiuites  of  arc  from  the  mean  value  for  the  year ;  never- 
theless it  is  (jiiite  distinct  and  iierindic. 

(3)  Diurnal  ruria/i-ns. — The  hourly  positiim  of  the  sun 
with  respect  to  the  place  of  observation  also  affects  the 
magnetic  elements.  It  will,  peihaps,  sufliee  lo  biielly 
describe  the  effect  on  the  declination  in  Europe.  At 
9.45  a.m.  and  6  p.m-  (local  time)  the  conij>ass-necdlc  is  in 
its  mean  position  for  the  whole  day,  but  l>ctween  these  hours 
in  the  day-iimu  it  lies  to  the  West  of  the  mean  pui>ition, 
and  in  tlic  nighttime  to  the  East.  The  needle  lies  furthest 
to  the  West  about  1.0  p.m. ;  the  time  of  greatest  Easterly 
variation  is  more  variable,  chanjiing;  from  about  ro  p^m.  in 
winter  to  7  a.m.  in  Mtnimer.  The  averiige  variation  for  a 
single  day  is  about  95  minutes  of  arc,  but  is  greater  in 
summer  and  less  in  winter. 

As  nc  have  pointed  out,  both  the  annual  and  the  diurnal 
variations  are  solar  eiTe<:ts,  and  it  is  intvnct^ing  to  note  in 
parsing,  tlut  a  small  set  of  variation:^  due  to  the  moon  has 
also  Ixren  traced  \)y  Kreil ;  ihe  discussion  of  these  wuulil, 
Itowevei,  lead  us  beyond  the  limiu  at  our  disposal 

(4)  Irregular  yariaftont. — In  addition  to  the  above 
regular  variations  of  the  mnjinetic  elements,  there  occur 
from  [inte  to  time  suddL-n  iLsiurliatiei^  whose  iuaj(nilude 
and  direction  have  not  yet  been  referred  lo  any  rcj^ar  laws. 
The  fact,  however,  ilwi  they  are  absolutely  sin\>i\V«\*;wa» 
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lit  very  diKtant  stations  socms  to  indicate  that  thejr 
due  to  inAucncm  outside  the  (.-arth.  Atl«ni>ls  have 
made  to  asoctlain  whclhcr  llic«:  "maguciic  siotms," 
Ihey  arc  callct),  fullow  any  definite  law  with  rc^rd  iti  UiC 
frciiucncy  and  tiiuu  of  ih«ir  aiipearancc,  liut  a  diKCUvstun  ojj 
some  of  the  tcnutirc  results  obuin<;d  would,  wc  fear, 
wnriKotite  to  our  rcaderf.  It  ti,  however,  of  interest  to 
note  lliot  the  njtpcarance  uf  an  nuron  b  uHually  accc 
paiiied  t>)'  a  magnetic  Htonn. 


Eleotpo-Ma^netlam. 

The  discovery  of  Ocntcd  (s<t  page  15)  in  ifiio  that  a 

iudor    (tarrying    a    steady  electtie  current  affeclcd  ti 

gnctic  needle  |>]a<:ed  near  it,  was  soon  followed  \tf  oth< 

discoveries  which   proved   that   the  current-carrying,  roi 

duclor  had  nugnetising  proiK-riieit.     It   is  to  Ihettc  mag 

nvttsiiig  |>ro|>ertie$  t!iat    we    pro^xine   10    refer   pnrlicularl 

now,  leaving  ovet  the  genera)  consideration  of  the  magneii 

action  of  Ihc  current  to  a  subsci^ucnt  section. 

In  iSjo,  Ar:^gi>,  gtiidvd  by  Ainpi-rc's  theo*y,  which 

jtiri  been  |Hiblixlte<l,  sliowetl  iliat  a  MccI  needle  routd  be 

magnelis<d  by  placing  it  inside  a  spirally  twisted  wire  along 

which  a  current  was  flowing.     He  ako  found  that  if  the 

discharge  of  a  l^yden  ya  was  jiassed  through  the  s])ir 

the  enclowd  needle  was  magnetised.     r>avy,  almost  simuf 

taitcotisly  (in  November,  18:0),  observed  Ihc  same  effe 

and  also   that  if  a  wire  carrying  the  cuncnt  of  a  lar 

battery  were  di[>]M:d  in  iron  tilings,  the  filings  hung  in  chains 

aroiind  it. 

Of  tlte  experimentem  at>ove  rderred  to.  Amjt&re's  work 

was  singularly  complete,  both  experimentally  and  inat> 

inaikally.        (fiiidcd  by  Oersted's  discovery,    he   inferred 

that  if  a  steady  currenl '  in«c! ha ni rally  affected  a  magnet 

<  "nic    viwit  "cumnl"   it  beie   atol    LrkAy   (or    "ciHi) 
canrliii* "  "Ti™'  " 
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UiL'D  a  tiiftgnet  muU  meclianically  affect  a  ucnily  current 
so  mounted  as  to  be  free  to  tnovo.  This  he  showL-d  mis 
aclually  ihc  casr.  He  then  pa^ud  rurther,  and  showed  by 
a  series  of  inaEicrly  cx|>cnincnis  thai  ihciL-  \%  3.  mcchAninl 
action  lictwcrn  xlcady  ciiirenl.t  placed  ne.ii  one  anQlher. 
With  this  latter  diitcoverf  we  arc  m>l  just  iiov  concerned, 
but  a  jKirticuIiir  case  of  the  previous  nurlc  is  interesting. 
Since  the  eaith  is  a  big  magnet,  it  should  act  mechanically 
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HBpon  a  freely  sust>endcd  wire  cairyinj^  a  current    lliis  is 

best  shown  where  the  wire  is  twisted  U|>  into  a  s}>iral  tulte, 

otr  toitneid,  as  in  Fig.  di.    The  anow-heads  arc  intended 

to  indir.-ilc  ihc  direction  of  the  current,  mA  those  placed  on 

tilt  spirals  are  su{>j>o>sed  to  be  on  the  front  [larls  of  the 

wires.     If  a  s|>ecIator  were  to  staitd  at  the  end  S  of  the 

solenoid  and  look  along  the  axis,  all  these  currents  would 

appear  to  him  to  l>c  circulating  round  the  axis  in  n  (locht-ist 

^direction.     The  solenoid  is  so  constructed  that  it  nin  lie 

^^kspended  from  the  luercury-cuju  A  and  H,  which  are  con- 

^^icetcd  to  the  positive  and  negative  poles  of  a  battery  by 

the  wires  C'and  /^    This  leaves  it  free  lo  rotate  rouitd  the 

vertii^l  line  through  A  and  //,  and  it  is  found  that,  if  there 

no  ma|j;nett  near,  the  axis  of  the  Miknoid  '•nVV  weV  vw 


140 


Tl/g  £/.£CJ1IK  CVKHH/tr. 


the  inagnclio  meridian  with  the  end  .V  pointing  luwArds  the_ 
north  magnetic  pole.  The  solenoid  uith  its  current  \» 
liavct  JBsi  like  an  homontal  coni|iau-nee(tl«.  In  fact 
hu  all  the  [iropcrties  of  a  rathci  fcclilc  nugnet.  Thus,  if 
the  north  \ni\v  of  j  liar  niagnet  be  brounht  near  \  <l''ig,  6.l)i 
ihcUtici:  will  Ik  repelled;  whilst  it  will  hv  aKractvd  hy  the 

south  )K>lc  of  thebar  magnet. 
It  is  v«ry  important  to 
reineiidicr  the  relition  be- 
tween tlie  direction  of  the 
cunciit  in  tlie  spirals  and 
the  inagnctii:  actions  mani- 
fested .-It  the  ends  of  ilti- 
xolcnoid.  Many  ninemon- 
ica!  nilcs  have  been  gi^'cn  for 
this  purpose,  but  it 
suiike  if  we  (piote  the  p: 
tictdar  one  of  tliese  which 
we  think  is  most  easily  re- 
membered, and  which  is 
applicable  to  a  giest  num- 
ber of  c.XKcs.  It  a  kiMnu 
as  the  "  corkscrew  rule,"  and  is  as  follows : — If  the  airrtnl 
be  Mipposed  to  circulate  in  \\^  spirals  of  a  CQtk*ctcw  in 
the  direrlion  of  nttalion  of  the  screw,  ll>e  direction  of  the 
magttf/ie  Huts  a/ong  t/u  axit  will  be  that  of  the  /'mc  «f 
tttb\tna  of  tlve  corlacrcw.  Now  the  mBgnelic  lines  emerge 
from  a  magnet  at  the  noilb  pole,  and  therefore  in  the 
bIkwc  CISC  ih<:  fi'mnrd-moving vn^  of  the  sirew  (whether 
front  or  Inclc)  will  act  as  north  pole.  The  rule  is 
illustrated  in  Fig.  &t,i  in  which  little  arrows  show  the 
direction  of  the  current.  If  the  corkscrew  be  turned  in 
ibis  direction  it  will  nio»c  downwards,  and  the  nilc  tells  us 
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ttiat  (hu  i«  ihe  dircclion  of  the  niagn«lic  lincH  along  the 
axia ;  conse'iuentl)-  if  ■  [oiece  o(  ann  be  placed  along  the 
axis  as  shfm-n,  it  will  be 
ningnctiscd  so  that  its 
lower  end  is  a  mmb- 
seek  in;;  l>ole. 

TKc  discover)-  tliai 
intllc  magnetising  action 
of  11 1  nrrent.wliii  li  toiild 
lie  stnned,  Hiuiijted,  or 
reversed  at  pleasure, 
there  l«y  the  power  of 
mnting  or  unmaking  a 
magnet,  or  levctsing  it* 
polarity  as  often  as  might 
be  desired,  was  due  t(> 
WQHam  Sturgeon,  who 
also  showed  that  such 
iDi>gn«ts  aiuld  be  made 
much  more  powciful 
than  stcc)  magnets  of 
the  same  sixe  and  n-cighl. 
This  latter  effect  was 
prmluced  by  plating  in- 
side iIh;  spirally  wound 
condiHtoT  large  reiii  or 
(Wrj  of  (t//  irvn,  in.ftvad 
of  the  tteti  Mfed/es  em- 
ployed by  Arago  and 
Davy.  W'c  have  already 
seen  tliat  soft  iron  i^ 
capable  of  being  highly  magnetised  by  induction  when 
plarcd  in  a  magnetic  fitld,  but  that  when  it  is  removed  from 
the  Geld  (or  the  field  Erom  it)  it  retains  vcr>'  little  trace  of 
permanent  inagnctixation.     Now,  as  nc  ha\e  juat  seen,  an 
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eleclric  ctiirent  n owing  round  the  coilH  »rAS|iimlly  wound 
conducior  sets  up  x  ma^neiit  field  in  the  enclosed  and 
surrounding  &pace.  When  the  cuiicnt  is  stopped,  the  mag- 
netic field  (lisappcara.  ir,  thercToTc^  a  bar  or  rod  of  u/t 
teroiighl  irtm  )>e  placed  in  this  field,  tha  \at  will  lie  a 


Fi«-«*- 
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magnet  as  long  as  the  cuncnt  Rows,  but  will  retain 
very  little  evidence  of  mngnctisallon  when  the  current  it 
turned  off. 

In  a  |wpcr  published  in  the  TranuKtioni  of  Ike 
SkuI}-  of  Arls  for  1815,  Sturgeon  describes  two  electro- 
mngnetx  which  he  vKhibitcd  at  a  meeliuj;  of  (he  Society. 
One  of  thes£,  of  which  front  and  stile  views  are  shown  in 
Fit;s.  4^5  and  66,'  conusted  of  a  bar  of  iron  one  fool  long 
and  half  an  inch  in  diameter,  bent  into  the  shape  of  a  boise- 

'  For  (■'id*.  65,  66,  ind  ft"},  ukcn  front  ihe  Tramnriitmi  tf  Iht 
Siiity  if  Afti  U\  iSiJ,  t  >m  inJcblol  to  br.  Sllraaiu  i>.  TlKwipMtn, 
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shoe.  'I'hb  Imt  was  varnished  and  ihvn  uveiwoiini)  with  a 
it[>ira1ors(oiit  iincuvered  cu)>|i4.Twire,thevntlsorKhidKlip]icd 
inl»  the  two  wooden  cu|is  /  and  C  containing  mcicury. 
Near  the  nip  /.  was  a  sitntlAr  cup  /T,  into  which  one  of  the 
wires  from  the  l>altcr>'  dippjicd,  the  other  wire  from  lh« 
l^atlery  hcint;  led  into  the  cup  C.  Sturgeon  uxed  a  special 
fonn  of  battery,    MRiiiar   to  c  _ .  n 

Marc's  dcflagraior  (p.  36). 
On  joining  thv  cuji«  /.  and  /I' 
with  the  wire  rf,  the  circuit  of 
the  battery  was  completed, 
and  a  fairly  large  current 
Mowed  rottnd  the  roils  of  Ihc 
spiral  ;  it  was  then  found  lliat 
a  total  weiglu  of  nine  iH>imds 
could  \ye  sustained  by  the 
traction  of  the  poles  N  S  of 
the  horse-shoe.  As  the  iron 
of  lite  magnet  only  weighed 
about  itveii  ohhui,  thi.s  wan 
much  in  excess  of  the  weight 
that  could  be  sustained  by  any 
magnetofctiualmassprcviouslymade.  In  the  side  view  (Pig. 
65)  the  poles  are  represented  as  sustaining  a  piece  of  iron,  y 
If  the  cuncnl  from  the  battery  enters  the  spiral  from  the  cup 
C,  then  it  will  How  in  a  counter-clockwise  direction  round 
the  iron  as  seen  from  N,  and,  consequently,  according  to 
the  nde  already  given,  iIh:  end  jV  of  the  coil  will  be  a 
north  magnetic  pole,  the  oilier  end  bein((  south.  Sturgeon 
remarks  ih.il  the  polnrily  of  the  iron  can  be  reversed, 
,  eiilier  by  wJtiding  il»e  S|>iials  round  in  the  oppovite  direction, 
or,  more  simjily,  by  reversing  the  connection!  of  the  mag- 
netising sittral  with  the  battery  by  interchanging  the  battery 
wires  that  dip  into  the  cu|is  C'and  iC. 

I'or  convenience  of  3lipj>ing  bars  of  iron  or  «lecl  into  a 
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niitf(0^i^"W  iT"^'''  StuTgecin  mounted  a  ttntighl  solvnuMl 
(F'K-  ''7)  i«  a  "imilar  miiiincr.  Wlicn  a  cuncnl  flows  in  lliii 
spiral,  li  "conimuitic.itcs  mM);rK'tiMn  lu  haidenetl  stcvl  bani 
M  toon  . -If  they  arc  put  in,  and  rcnd«n»>ri  iron  within  it 
imgnetic  daring  iIk-  limtf  of  aclion."  The  Idicra  iVuxl  S 
refer  to  the  polniily  prtxiuced  by  a  nirrcni  tmurinK  at  C 

and  Imvtiig  ni  /. 

In  otdi:r  (n  tllHierstand 
the  foregoini:  Adlom  more 
clearly,  it  is  necessary  m 
have  sotncidL-A  ol  the  kind 
•t(  nuigncliv  field,  a«  K])eet- 
fied  by  the  direction  aim! 
nuinl)er  of  lines  of  force, 
whici)  exists  in  the  nciglh 
bourlKwd  o(  a  i^iKliicIor 
carrying  a  current  These 
lines  were  first  mapped  out 
ri«,«.-M.p*icO™™»das™,h,  j^  pa„d^j.;„  the  manner 

already  described  wiih  refer- 
ence to  permanent  magnets,  and  the  following  figures  arc 
taken  from  one  of  his  papers,  dalcd  1S51,  in  which  he  sums 
np  many  ot  ilie  results  of  his  work  during  the  preceding 
twenty  years. 

Taking  the  Nimplett  ca»e  of  all,  tlial  of  a  straight  con- 
ductor carrying  a  current,  Fig.  6S  shows  the  magnetic  field 
as  oMpiwd  out  by  iron  filings  spread  on  n  \)Unt: /^fetdku/ar 
to  the  current.  The  wire  carrying  the  current  is  Mipiiosed 
to  paw  at  Ttglit  angles  thnju^h  the  l>a|>et,  and  the  lilin^^  are 
seen  to  arrange  dieiuHelves  in  paths  which  arc  circular  with 
the  wire  as  a  centre-  More  careful  cxperiincnt  sho«'S  that , 
the  bnes  arc  true  toHcrmrit ciretts,  the  common  centre  Ikcing 
the  intersection  of  the  axis  of  the  wire  with  the  piKi.  The 
connection  between  the  direciioii  of  the  cutreai  and  the 
dircctioD  of   the   lines  of  focce  can  be  Tcmenilictcd   by 
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anutlwr  a|>]>1iL-ation  »(  ihc  corkscrew  rule  atreuly  quoted. 
In  thU  case  the  /ine  of  ad:\Mna  of  ihe  corkscrew  rc|>rc9cnis 
the  (urffiil,  and  the  direction  of  rotation  represents  tfic 
/wsitivf  Jirre/ian  of  the  encircling  ii'ifi  vf  fora.  Thiis  in 
Kilj.  68,  if  the  current  be  [)assing  vertically  Jimmtoanlt 
thruugh  the  jiaper.  the  )iovtlivc  direction  of  the  circular 
lines  of  force  is  a  lixht-handed,  or  e/Mkwit«  one.  It  should 
he  noticed  that  each  line  is  a  doiediurx't,  coroptctcd  entirely 
thrmgh  tht  air.  In  this  rcspcci  it  differs  from  the  lines  of 
force  of  permanent  steel  msgnets,  each  of  which  in  some 
[lart  of  its  course  [>a£$es  through  Ihe  material  of  (he  moj^net. 
A'u  mannetitpi'Ui,  therefore,  aie  set  up  hy  these  lines,  since 
iliey  nowhere  pass  from  magnetic  to  non-magnetic  inateri;)!, 
or  rw  Jvry.i. 

If  a  ring  of  iron  were  now  sli|iped  over  the  wire  so 
as  to  tie  coDccntricalEy  witli  these  circles  in  lite  plane  of 
tlic  paper,  it  is  evident  from  what  we  have  already  wid 
(page  1 1 6)  that  many  lines  of  forte  would  be  gathered  up  into 
the  iTDO,aiid  would  flow  through  it  in  the  same  way  as  through 
the  air,  only  in  greater  numbers.  This  un^  coiild  therefore 
iK.'con>c  highly  in3gneli:ied,  but  would  not  show  any  ex- 
ternat  signs  of  magnetisation-  It  would  have  nofioiei,  since 
its  lines  of  force  would  flow  entirely  through  the  iron.  That 
it  really  is  magnetised  can  be  proved  hy  using  steel  instead 
of  iron.  In  thi.t  <..isc,  if  the  current  be  stopped,  the  steel 
will  retain  the  impressed  magnetisation  liccause  of  its 
molecular  rigidity.  Let  the  ring  now  be  divided  into  two 
semtctrcutar  pieces  by  transverse  cuts ;  each  of  these  when 
sepamled  will  be  found  to  be  magnetised  with  strong  poles 
at  ihf  iJaniTi  of  section.  But  titforc  tht-  ring  is  cm,  it  will 
have  no  mon.-  effect  upon  a  compiiss  needle  in  its  neigh- 
bouthood  than  it  had  before  it  was  magneiiscd. 

Consider  now  the  effect  of  bending  the  wire,  carrying 
with  it  Its  lines  of  force,  into  a  single  circular  loop.  Follow 
out  the  corlLScrcw  rule,  and  it  will  not  he  difHcult  to  see 
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Itiat  imiJf  tW  loup  all  the  lines  must  lie  flowing  in  the 
iiim(  iirtdion  from  one  sitlc  to  ihc  urhcrr  of  ihc  plsiu-  oF  the 
luofi.  A  ftw  of  Ihc-M;  liiieti  fur  a  cum-'nt  ciicuUtinc  in  a 
clockwise  direction  round  [lie  loop  arc  shuvrii  in  Fig.  69. 
Because  or  the  apparent  Utcral  rcpuKion  of  lines  of  foree 
fvi  one  another,  and  the  crowding  together  of  the  Unce  in- 
side the  Uk^,  the  curves  surrounding  th«  wire  wilt  no 
longer  be  concentric  circlet,  but  will  be  dtslorted.]  Hacli 
line,  however.  Mill  passes  cotnpleivly  round  llie  loop. 

Iliesu  lines  ran  be  shown  by  iron  lilii)^»;    the  cardj 


should  be  pLiccd  so  as  to  cut  the  loop  at  right  angles^ 
through  a  dt;inte!er.  On  sprinkling  with  iron  filings,  and 
t;ij>ping  in  the  u^ual  way,  Ihc  effect  produced  is  that  shown, 
in  Fi^  70.  The  wire  of  the  U>0|»  passes  ibrough  the  card] 
at  a  and  h,  and  if  the  current  comes  upwards  at  a,  and  goe44 
dowtiwarrls  at  l>,  ihe  JimtioH  of  the  lines  of  force  heM 
a  and  ^  is  that  shown  by  the  small  arrow. 

Lei  us  carry  ihc  development  a  »lci>  further.  Siij)] 
irow  that  several  of  these  \iKi\n  of  the  same  diamclci  .-ue 
placed  side  by  side  so  as  I u  hara  a  common  xiu*,  much  in 
Ihe  lamc  way  that  a  series  of  sunihir  coins  may  t>c  arrange 
in  a  nm/tiiu.  Suppose  also  th;it,  looking  alun^  lite  conn 
axit,  all  the  ciirrenle  in  the  wparaie  loops  revolve-  round  the 
axis  in  tlie  same  dircctiotii  eittier  all  clockwise  or  .-ill  count 
clockwise.     In  the  plane  of  each  loop,  and  inside  the 
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Ihc  Rugiieiic  liiK-s  which  belong  to  il  will  1)»;  jnralk-l  to  Ihc 
axis  and  all  the  tines  »(  Ihi-  (ltncr«nt  loo|i«  will  Ik:  trending, 
in  ihc sanw:  (it(ci:ttofi.  Tlio  liiivs  will  thca-fotc  lilt-nil  logtiher ^ 
just  as  the  lines  of  two  Ijnr  maKncU  set  as  in  l-'ig.  49  Idend 
together  to  give  ibc  field  ther«  dc|>icled,  instead  of  ench 
liurniiii};  ib  own  routsc  unaltered,  is  in  Fig.  47.     We  thus 
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get  the  Add  shown  in  ¥i^.  71,  which  is  also  taken  from 
Faraday.  'l"bc  aTrangemem  of  loops  thai  we  have  just 
dvscrilted  is  that  of  the  loops  of  a  solenoid,  and  in  the 
figure  the  filings  are  spread  ii|i(iii  a  caid  containing  the 
axis  of  the  solenoid,  and  whose  pbne  therefore  cuts  thtough 
the  wires.  The  wires  arc  seen  in  section  at  -  •'  •'  and  i*  *  *, 
and  it  will  l>c  noticed  that  heiwecn  the  linn  of  the  wires  the 
field  is  very  unifofiii,  the  filings  lying  tn  lini-i  parallel  lo  the 
axis.  If  the  current  be  supjw^ed  to  be  couiing  upwards  in 
the  parts  of  the  wire  marked   a,  and  going  downwards 
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m  ilie  jiarls  tnarVcd  h,  the  direclJon  gf  tliis  tnltmai 
field  will  be  from  lefl  to  light  as  shown  by  the  small  nrmw. 
In  this  case  ontyn  jxtrt  of  the  external  field  is  klicmn  l»y 
Kiirada]',  but  it  ii  cn^tl)'  seen  thai  the  linvs  of  foice  arci 
selling  out  U<}ia  the  end  of  the  solenoid,  exactly  in  the 
siuiic  way  ibai  they  set  out  from  lh«  I'lul  of  a  «ngtl--bar 

mag  111.- 1. 

Direction  of 
Maffnetiains: 
Force  of  a  Coll. 

— The    result    ix  J 
ih:il  if  we  liave  n 
cylindrk  coil  of 
wire  (such  as  is 
seen  in  Figs.  6a 
11  ik)  6^)  carrying 
3  current  which 
when      regarded 
froin  one  ci>d  of 
ihc  coil  circiitntcsJ 
round  the  axis  in 
a  clockwise  direc- 
tion,    then     the 
lincs  of  force  due 
to  that  current  pass  down  inside  the  coil  in  a  direction 
ing  away  from  us.     An  iron  core  inside  the  c<m1  (as  alread> 
pointed  out  on  pn^  140}  will  therefore  be  mngrK-tiKcd  so 
that  its  »xralled  SouiJi   i>oIc  if  towiudx  uh,  Hince  if  w< 
faced  the  south  pole  of  a  bar  inacneli  the  lines  of 
would  nin  from  us  through  the  iron  ai  the  magnit  in  the 
same  way.       Of  eountc  if  the  current  circulates  counter^ 
clocknise,  the  lines  are  running  towanU  u.-t  through  the  coilJ 
and  the  nearest  end  of  an  inserted  core  becomes  a  Noitl 
pole.      'I'hcst   relations  arc  shown  in  Kig.  7*.  wheic 
direction  of  circulation  of   ibe  current  \i  shown  by 
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am>wB  (in  the  circles,  and  l)ic  iiaine  of  the  poTc  nearest  the 
observer  is  expressed  bjr  Ihc  Irtlcr  N  or  S.  The  corkacrew 
rule  en.iliIcM  one  lu  cnsily  remember  ihc  facts.  ]n  this  case 
if  the  Jireciion  of  citailation  of  tlie  tuirtnt  be  ^wzn  by  the 
rotnlii'N  of  tlic  corkscrew.  Uic  /(»<•  c/  mirnnrf  of  llic  cork- 
suTcw  (j'vcs  the  direction  of  the  Unei  nf  ferte  along  the  iixis 
of  the  solenoid.  One  Additional  remark  may  lie  ntade. 
Whether  the  win-  of  tlic  solenoid  be  wound  in  rif^ht  hniidcd  01 
left-handed  sjilralsis  j  inciter  of  indiD'crcncc  :  the  important 
point  to  notice  is  the  Jin>lii>i  oj tirtutalian  of  tlw  current 
as  seen  from  one  end.     !f  ih.it  direction  be  flotku-he,  then 


Fii'  ph— Robiioi  WiiHta  Cufkhc  Cimil-iiion  And  M««  of  <^orc. 

the  ohscn-er  is  looking  al  the  Soufk  pole,  vrhetltcr  the 
spirals  in  which  the  current  is  ftowing  be  right  or  left- 
handedly  wound. 

We  have  dwelt  thus  fully  upon  the  relation  between  n 
current  nnd  its  lines  of  force,  becitisc  a  clear  undentandin}: 
of  iheie  niuijile  c:is»:  will  eimtjle  ihe  reader  to  follow  readily 
nnany  appliciilion^  whiLli  at  firsi   si;^ht  may  iccm  intricate. 

HaJsnitude  of  Magnetising  Poixe  of  a  OoiL— \'cry 
soon  after  the  discover)-  of  the  magnetising  effect  of  a  cml, 
it  was  observed  that  this  effe<rt  depended  upon  the  magni- 
tude or  gtianlih,  as  it  was  then  called,  of  ll)c  current. 
But  the  honour  of  first  perceiving  the  important  factors 
upon  which  the  magnetising  force  really  depends  belongs  to 
Joseph  ilcnry.  of  New  Ycwk,  who  [xiblished  his  early  ex- 
perimenis  in  1S51.'      This  was  before  Ohm's  ]au-,  which 
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iiilrcHlut-ed  sitnjJc  ideas  into  tlw  rdniions  l>ct«-Mn  rurrent 
am)  electromotive  force,  Iwid  bccoriK-  widely  knonrn  nnd 
generally  used  in  ihc  Krientific  world,  and  HL-nr)''s  nesulu 
arc  not  citiliodicd  in  I  he  i>rcci5c  form  now  usually 
employeil.  Wlint  he  di^ovcicd  was  that  a  weak  current 
circulaiiuK  many  times  round  an  iron  cote  could  [jroduce 
the  saiive  maj^ciising  eOTect  ax  a  strong  nirrcftl  drculaiiitg 
round  it  a  few  ttrnn.  In  otlici  words  he  fnund  that  ihc 
lniHlii't  of  Ihe  iurienl  by  the  numhfr  tij  lurtii  in  the  Bolen- 
oid  is  a  iticnsurc  of  ils  mngnetUing  force,  or  rather  of  its 
tiui^mt«in-ttrr  f"i\t.  If  the  lurreni  he  tncHHured  Jn 
ampbrcs,  this  product  is  no«-  uMially  s|)oken  of  as  the 
amfiire-iurnf.  'Xhu.*  if  a  coil  he  carrjing  a  corrcni,  «c  may 
say  hriefly  thai  its  wm,'«rftf«iiV;W  yJ-nv  is  fioperlhnal  to  tht 
ampirt-turHi. 

This  discOT-crj'  of  Henry*  was  of  crvormous  import- 
nncc  to  the  youoR  science  of  telegraphy,  then  hegin- 
ning  10  attract  the  ailentioo  of  practical  scientists.  It 
sltowcd  how  the  weak  currvnlis  which  at  thai  time  were  tltc 
only  currents  that  could  Itc  tfoiuniittcd  to  any  distance, 
could  he  utilised  lo  mike  effective  wurVinj;  electro- magnets, 
and  llius  produce  signals  at  a  distant  station. 

Exact  experiments  have  fully  proved  the  truth  of  ihe 
law  just  enuitciatcd.  A  nutucriciil  cxainjilc  will  perhaps 
make  its  meaning  soiucwhsl  cic.ircr.  Titus  it  is  found  by 
ex|)crinicni  that  ihc  magnitoinolivc  force  of  a  turrcm 
of  10  ampeics  ciroibting  in  a  ic|>ir3l  of  ii  turns,  is 
rxocdy  the  same  as  that  of  a  currenl  of  t  am{)^rc  in  a 
spiral  of  no  turns,  oi  that  of  a  current  of  ,  J„  amjiirc  in  a 
spiral  of  t3,ooo  turns.  In  each  case  the  am |)l're  turns  arc 
no.  *rh.tt  Ihe  elTen  (mxluccd  by  this  Magi>eloinoli\  c 
Force  sltiiuld  also  be  the  same  in  each  case,  further  condi- 
tions must  )>e  fulfiltcfU  1'hesc  arc  that  the  coils  should  be 
similar,  n{  c<in.-il  volume,  length,  diameter,  &c.,  and  thai 
Ihc  cores  ami  surroiirMlir>g  medium  should  he  maviielittallv 
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licaL  Tlie  .-in.-itogy  witli  ihc  cue  or  a  gnlvnnk  lieilter)- 
k  very  <-lose.  A  Imilery  of  a  rcruin  E..\f.F.  will  Anve  a 
enain  turrtnl  round  a  drcuit  of  a  particular  raittamt. 
Siniit.trty  a  coil  wilh  a  ccit.iin  magnttom^hie  forft  {M.  hf.  F.) 
mcaMired  in  ampirc-iums  will  i;nu«c  a  rtrUin  numlicr  of 
li»(i  {'//i-rit  to  posj  through  n  core  and  (tiirrounilinij  metliiim 
of  a  paiticular/v/ivc/djnv.  If  the  reluctance  is  diminished, 
tlw  numljcr  of  liiies  of  force  is  increased,  and  rvrtr  iv/a.i. 

Tiic  conditions  for  sinail  reluctance  arc  exactly  similar  lo 
tbow  for  small  resistance  in  the  electric  circuit.  In  the 
tatter  ca&e  the  luaterinl  of  the  circuit  should  be  of  high 
conductivity,  large  sectional  area,  and  short  in  length.  In  the 
magnetic  case  the  mediimi  through  which  the  lines  of  force 
have  lo  pass  should  he  of  high  permeability,  large  sectional 
area  perpendicular  lo  the  lines  of  force,  and  short  in 
length.  The  first  of  these  conditions  (high  permeability) 
|K>ints  to  the  [iroviding  of  as  much  well-anne-iled  soft  iron 
for  Ihe  lines  to  pau  through  as  the  design  and  purpose  of 
the  cleclro-magnct  will  permit.  In  one  sense  the  magnetic 
i'circuii  has  an  advantage  over  the  electric  circuit,  in  that 
the  whole  s]iace  round  the  coil  piodticlng  ihe  M.Af.F.  is 
permeable  to  lines  of  force,  and  by  its  mere  hulk  and  great 
sectional  area  contributes  to  a  lowering  of  the  reluctance. 
This  is,  however,  act-omjxinied  hy  certain  di^ndvani.igcs, 
the  consideration  nf  which  we  shall  postjione  till  we  deal 
with  the  munerieal  relations  later  on  (p.  3ii). 

Magnetic  Permeability. --As  the  quality  or  per- 

mcabilii)'  of  the  iron  is  so  important  in  the  construction  of 

cleclroin^gnvts,  it  is  necessary  to  know  something  of  how 

,difrerent  kinds  of  iron  behave  when  subjected  to  magnet- 

ing  forces.     On  page  lot  we  have  already  pointed  out  the 

lervcral   Ijchaviour  of  various  kind*  of  iron   and  .itcel   in 

tins  reti>ecl.     We  must  now  refer  to  the  e:iperimenial  data 

a  little  more  closely.     .>Vnd  first  a  definite  meaning  must  l>e 

ttachod  to  the  otherwise  somewhat  vague  term  ^rMttaAiftt). 
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Wtivn  coiisidoring  liy  live  hcl|>  of  iiuo  tWntp  the  effect  on 
tbc  liiiCH  4>f  force  of  placing  a  piece  of  iroD  in  n  magnetic 
lidil,  wc  found  {srt  K>^  51  and  5^)  thai  the  nppcvnnceK 
were  such  as  to  siiggr^l  ihai  ihe  lines  found  it  racier  trt  gc( 
through  Ihc  iion  than  ihrxMi^h  thr  ait.  Now,  when  the  field 
it  due  lo  ttic  iiiagi)Mi<:  elTcci  of  n  current,  we  find  that  Uiis 
is  5liU  the  caj«,  nnd,  in  addition,  that  the  presence  of  the 
iron  incitoiics  the  total  number  of  lines  ■  set  up  by  the 
curicnt.  This  muUipI)inf;  i»wcr  o(  the  iron  is  a  meaaurtf 
of  its  pcnncabilit)'.  If  no  iron  is  present,  then  we  get  a 
certain  magnetic  fwld  whicli  at  a  gi^'en  pUce  contains  a 
certain  numbtrr  (H)  of  lines  per  square  cemiiuctrr  of  cross- 
section.  If  now  the  air  01  ivon-magnetk  inaieiial  is  ii:-{iLiccd 
\yy  iron,  a  greater  nuniljcr  of  lines  (B)  per  »(uaie  centi- 
metre [Nisscs  throujiib  the  umc  space.  The  original  tmmlicr 
of  lines  has  been  multiplied,  and  the  numerical  factor 
which  expresses  the  ratio  bctirccn  B  and  H  is  the  measure 
of  the  permeability.  I'his  muiiipllcr  a  usually  denoted 
by  tlie  (ircek  tetter  it,  and  we  have  the  simple  numerical 
rcUtion  that  B  is  /<  times  H.  or 

B  =  ^H. 

The  value  of  /<  varie*  wry  greatly  in  dilfercnt  Hpecimens 
of  iron  and  under  diflcrent  circumUances.  It  may  be  as 
high  a*  s.ooo,  or  as  low  as  jo  or  less.  Methods  of  measur- 
ing it  will  be  briclly  described  in  Fart  II.,  Chapter  Vlll. 

Magnetic  Satm-ftUon.— Besides  the  variations  in  the 
value  of  ^  in  different  kinils  of  iron,  it  also  v-arJes  in  the 
same  piece  of  iron  according  to  the  Urtiigff'  ^/  '^'  mnj^uft- 
isitig  JIM,  and  to  the  previous  mtignetk  hiiiary  of  the 
iron. 

Tlw  corrCS)>onding  values  of  H  and  B  for  various  kinds 
of  iron  and  steel  are  shown  graphically  and  numerically  in 

'  Stt  pop  3]]  To*  ihc  vttKX  mnuiing  tA  ilie  phnsc  "  mul  nomtieT 
oftinn." 
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{'■8'  73>  wbcrc  th«  values  of  H  in  certain  untu  are  marked 

on  til*  Itoritoiitnl 

scale  and  ititf  iror-   ,(^  ° 

respond!  II  t;  ^alitci 

fir  B  in  (he  same 

iiiiiu  arc  marked   "  '^ 

on    the    vertical 

scale.    The  data 

arc    taken    from 

tome  of  K wing's 

e\{M.-Tiii)entii. 

For  weak  mag- 
netising ficld'i  the 

m:ignctic   flux  B      g-^'n, So JiS ti * 

produced  in  (lie  pi(.,v_t.wmorM««B«ii-!iunof i>i(r«*niMBi«i»]i, 
iron  by  a  pvcn 

field  H  is  wry  nearly  ])r(ipt>ttional  to  H  ;  in  other  words, 
the  value  of  n  w  nearly  constant,  and  any  increase  in  H 

produces  a  cor- 

BiSTsl  _L«aJvnBOT — j i —     responding  in 

crease  in  B. 
But  as  the 
strength  of  the 
magnetising 
field  is  increas- 
ed. .1  point  is 
reached  sooner 
or  later  at 
which  the  value 
of  B,  though 
still  increasing, 
increases  mote 
slowly  than  lieforc,  and  therefore  the  value  of  /■  iJimintshe«. 
This  continues  for  a  lime,  until  ustully  the  rate  of  in- 
CTRitc  t>i  6  as  cotniKited  with  H  diminishes  tn  atwA.V\« 
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ncAdy  vAtue  miich  Iok  than  the  first  one,  .ind   bfgc 
<:ri>aj.rH  <>(  iiiiiKn«tiiitig  farce  only  f;ive  small  increments 
nia^netisiiion. 

This  is  esjiccially  marked  in  ihc  curve  for  wrought  irai 
It  rises  very  r;i|>idly  at  first,  (hi;n  bend*  over,  anil  Tinu 
bccomct  nearly  hori/onul.  In  lhi«  lasil  staKC>  *f>cn  Urge 
dunges  in  llic  mn^netisin^  force  are  required  lo  produce 
small  chant;ei  in  the  magnetic  flux,  the  iron  i«  said  to 
xppruaching  latumlian.    In  such  cases,  although  niore  Hi 

eould  l)c 
l.-iinttl  liy  i)si 
nioTc  piii'^rrul 
inngnelonioiive 
forces,  it  docs 
notiuypraclM:- . 
ally  to  do  so, 
b^auite  of  the 
much  more 
rapid  increase 
of  the  wasteful 
heat  in  the  mag- 
netising ooits.  Some  similar curt'es  obtained  by  Hopkinson 
for  wrought  and  cast  iion  are  given  in  Fig.  74.  In  these 
curves  tiK  values  of  B  nitd  H  Arc  given  as  the  niiiiibcc 
line*  per  t^uan  ittch,  instead  of  per  square  centimetre. 

Iniitead  of  ploliinj^  curves  which  graphically  depict  1 
connection  Iwlnecn  B  and  H,  we  may  exhibit  in  curves  1 
connection  between  p  and  B.  This  is  done  in  Fig.  75, 
which  the  i-ahies  of  B  are  measured  on  the  horiitonud  srali 
and  the  corresponding  values  of  ^  on  the  vertical  scale; 
The  rapid  diminution  of  the  permeability  with  the  increase 
of  the  magrtetic  flux  is  ver)*  nuiikcd,  and  slso  ihv  great 
fcrencc  in  pemicability  iKtween  cast  and  wrought  iron. 
Katfiwtic  Hysteresis. — Wc  must  notice  briuily 
other  magnetic  properly  of  iron,  called  by  ?rofcsM>r  Ewilj 
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I  hjUrmh  (or /it;).  Il  is  found  itiat  the  t.iltic  of  B  corrcspoml- 
ing  10  n  given  v.iUk-  of  H  depends  iijwn  the  prvi-iuiis  nuig- 
neiic  hittory  of  the  iron.  Iron  ni>p»ri  (o  have  a  mngntlU 
metnery,  and  to  retitin  imptn-sioiix  of  prcvioti.-t  magnetic 
sutet.  The  facts  aic  shown  graphically  in  Fig.  76  (lak«n 
from  some  of  Ening's  experiments),  which  Rives  llw  curves 
obtained  ftoni  two  «pccimcnB,  one  of  wrought  iron,  the 
olhcT  or  «teol.  Flach  ctirvc  forms  «  closed  loop,  but  the 
.steel  hiop  is  much 
wider  iJjan  the  iron  BiLrNts 

,.  ISO,  IN. 

one.  Commennng  iM,oeo[ 

with  a  large  iiiig-  tof 

ti«tising  force,  wc 
hjivc  i)te  jKiint  a 
(on  the  steel 
curve) :     as     the 

^  mngnetisit)};  force 

;  is  ditnini«hed  to 
i^ro,  the  value  <»f 
8  Otily  falls  to  b 

[(^6o,coo),  and  H 
has  to  be  mtntd 
Itcforc  B  falls  Id 
zero  ai  ilic  point  <.  Increasing  ll>e  reversed  value  of 
H.  "c  travel  up  to  >/,  vrhcre  the  steel  is  nearly  saturated 
^D  the  opposite  direction  to  the  first.     If  now  ihc  re- 

^versed  value  of  H  l>e  gradujilty  diminished  to  icro,  th«n 
changed  over  to  its  onginjl  <tire<:tion,  and  incieaied 
up  10  its  flm  value,  we  travel  through  the  jwincs  J, 
t,  and^  back  lo  the  siarling-point  a,  and  tltc  loop  is  com- 
pleted.    At   each   point  the  value  of  B  seems  to  retain 

t  traces  of  previous  values  ;  when  the  magmrtomoiive  force  is 

\iiimiiiisAiNs,  [he  value  of  B  is  Aighir  ih.in  tl  is  foe  the 
corresponding  value  i>(  H  when  H  is  iHo-ensillx. 

The  area  of  ibis  loop  for  a  complete  cydc  oC  VftWff«fta- 
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motive  force  is  very  im|iortsiil  wiKTcvcr  rapid  tcvcruilsol 
magneltKition  arc  employed,  a^  in  the  aimaiiirrs  or  dynamns, 
and  ill  uansformcrs,  for  it  mcasurv'!  the  energy  wasted  in  aitrh 
cnmplcte  cyrlc  of  mnfinftiait  ion.  It  sliouhl  W  noticed  thai  ilw 
area  of  the  wTDiiglil -iron  loop  ts  much  less  i)i:in  ttiat  of  ihc 
steel  loop.  The  \a\viti«ent  <•/,  throoij-h  uhuh  H  has  to  he 
reverted  in  order  to  tirinf;  dovm  the  majjnctic  fllu  to  ttto,  k 
re^rded  by  l>r.  Hoplcinson  as  the  true  mcnsttrc  of  the  so- 
caHed  eotrmt  at  ^<vdtirf  font. 

Forms  of  Electro-magnets,    Returning  to  Uie  elearo- 

magnet,  wc  find  that , 
the  essential  pitls  ar«  1 
the  tltdrx  toHiitietfr, 
usually  in  the  ftum  of 
a  cml,  for  the  purpose 
of  carrying  the  elcclric 
current,  and  ihercliy 
setting  up  a  niagncto- 
motivo  force,  and  tlie 
magnHU  <irtuit, 
throUFih  which  lines  of  force  are  to  jufis.  In  all  electro-magnet*, 
properly  so-caitcd,  some  portion  of  the  magnetic  circuit  or 
path  for  the  magnetic  lines  consists  of  iron  or  other  b^hly 
magnctifabtc  material :  if  a  portion  of  lhi»  iron  is  free  to 
mow,  a*  in  the  vibrating  armature  of  an  electric  bell,  then 
a»  a  nile  motion  irill  be  set  up  when  the  current  passcf, 
at>d  medianical  work  of  various  kinds  may  be  performed. 

With  regard  to  the  relative  |)084tton  of  the  two  essential 
parts,  the  only  necessary  condition  is  Uiat  they  xhotild 
mutually  pass  through  one  another.  Thus  in  Sturgeon's 
Rlcctro-ioagnet  (Fig.  6;),  all  the  magnetic  lines  of  the 
magnet  pass  through  the  copper  spirals,  and  rvVr  rv«ii  ihfl 
copper  Ejiirals  pass  through  every  loop  formed  by  the 
magnctii?  line?  of  force.  This  b  still  more  clearly  seen  in 
I-li'  7n  (p,ifr  1 17V  uliirh  ^hows  thc  nugnctk  fi'-M  ^'t  >iii  by 
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a  sijtgl«  luop ;  moreover  tn  this  figure  ihi;  relalive  gjooilioDS  of 
the  tiro  inlerse4:ting  curves  of  currcni  and  lines  of  force  arc 
ilt:|iicicd.  1*lic  relative  |x>sitioii  oiay  be  briefly  described 
sf  DMrssntcas  that  oftwo>'/cM'i//A>/f  (l-'i^.  ;;)  of  nny  shaiw, 
one  tif  wlitch  ix  threaded  through  the  other,  and  conxc- 
qucnity  tlte  Utter  must  also  be  ihrondi-d  ibroiigh  the  former. 
Aft  the  cueniial  reLitiw  |)c»ilion  of  the  electric  luid  ma^;- 
nctk  circuits  is  thus  very  xiiiiple,  it  b  obvious  that  it  can  be 
fulfilled  in  almost  ait  infinite  variety  of  wa)^;  and  as  a  matter 
of  fact  the  number  of  (Jiffcr«it  forms  of  cloctio-magncls  that 
hare  been  designed  and  invented  is  very  great.  Hut 
altboufth  theoretically  it  is  only  necessary  to  fulfil  the 
above  condition  to  ){et  mm  electro- magnet,  yet  the  iiariieulnr 
()ur|>OGC  for  wtiich  the  cleetroinagncl  is  required,  and  the 
ponJcular  woik  it  has  to  do.  have  lo  be  very  carefully  lakeii 
into  sceuviit  if  moderate  elticicncy  is  to  be  iitl^iined.  In 
the  next  section  we  (xopose  lo  take  U])  more  fully  the  i|iiaci- 
titativc  relations  involved,  and  throughout  the  remainder 
of  tiK-  book  wc  shall  have  frcriucntly  to  describe  elcctro- 
tnagncbi  uf  special  design.  We  shall  ihcrcfoie  be  content 
at  |>reM:m  willi  referring  to  a  few  forms  inlervsling  cither 
historically  or  as  types. 

In  rigs,  65  to  67  we  have  illustiated  and  referred  lo 
Sturgeon's  early  electro-magnets.  Other  electro- magnets  of 
peat  historical  inlctcst  nic  those  used  by  Professor  Henry 
in  his  early  e^|>eTimcnts,  and  some  of  which  arc  shown  in 
Fig.  78.  'llib  figure,  for  which  ihc  author  is  indebted  lo 
Professor  S.  P.  Thomiiwwi,  is  copied  from  the  SHfitiJit 
Amfri<an  of  December  nth,  1880,  and  represcnis  Henry's 
electro- mngnel  as  still  i>rcservcd  in  Princeton  College.  The 
magnet  t»  of  the  horseshoe  ly|)e,  and  its  <ort,  as  the  inierna! 
iron  uf  an  elcctru  miLgnct  is  Icchnicilly  called,  consists  of  a 
Inr  of  soft  iron,  zo  iiu-ties  long  aiul  2  inches  square,  bent 
into  the  form  of  a  horseshoe  *i\  inehe:*  high.  It  weighed 
31  Ik,  and  its  two  ends  or  |>oleti,  properly  surfaci.'d:,  were 
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connected  tiy  a  tiftcr.  iccltniciUy  cuIImI  ilic  armatyrr,  can- 
sisiiog  of  n  piece  of  iron  from  thv  sauvc  bar  HL-d  |>crrcclly 


(IjiU  The  "iic  to  (anj  lh«  clcHitrit  tuficul  eonsiidrtl  ol" 
540  red  of  cop|>cr  bell  wiic,  Mound  011  id  iiiivt;  MriKir.itc 
coilfi  of  60  feet  cai:h,  with  ilic  ci>ds  brought  out  sejKtralely 
and  maTked,  so  that  vilher  the  who4e  number  or  any  desired 
eombinatiou   of   Ibe   voriuun    coils    could)  be    placed    in 
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witli  tUc  Ixatlery.    ■['Ik*  inngm:t  was  au^jandcO  in  a 

ttmg  vroodcH  itame,  as  shown,  and  tiiLow  iti>  |h>1i:s  was 
A  Icvo  lo  whidi  ihe  ariiuturc  was  fnstcncd  by  a  l«o|i. 

Jy  mean*  (if  wi-ighis  sliding  on  ihb  lover  »ny  desired  force 
Cuulil  \k  a|>|tlii.-tl  lu  ilic  armature,  and  the  piUl  neKKjary  to 
llctach  it,  with  vaiioiu  combinations  of  tlie  exciting  coib^ 

measured  Usii^  iHc  uiiiill  co|iiicT-/Jnc  stoglc-fluid  lattery, 
•liown  M  Ibc  foot  of  the  frame,  it  was  found  iljnt  wjih  ont; 
vt  the  coih  only  in  circuit  the  u)a);iicl  was  just  able  to  t(Ui>- 
ils  7-lb.  annaiuit.  but  as  successive  coils  were  added 

he  force  of  dctacliiuent  ruse 

[■ry  rapjdly  at  firil,  and  after 

kaids  more  slowly,  until  wilh 
all  the  nine  coils  in  circuit  a 
foTve  of  650  II).  Height  was 
rciuircd  to  pull  off  the  arma- 
ture- Henry  Eub»;qucntly 
(in  1831}  built  a  stilt  larger 
ckctromagnet,  which  was 
caiublc  of  supporting  a  load 
on  iiK  annaliire  of  1,063  lb.  The  Other  apparatus  shown  at 
the  foot  of  the  frame  consists  of  a  current-rweiser,  and 
11c  of  Ute  coih  us«d  in  his  uxpcrinienis  on  i.econdary  and 

urtiar;  induction  currents,  lo  which  we  shall  refer  later  on, 
EThcse  were  mostly  constructed  by  I'lofcssor  Henry's  own 


Pasaing  from  historical  forms,  Fij^  79  shuws  the  ordi- 

ary  two-pole  electro-raajjauf,  which  is  the  linci^l  descendant 

the  olO  horseshoe  ty|>c.      C  and  C  are  the  (opjjer  coils 

ind  on  separate  bo)>bitvs,  and  conneacd  together,  by  the 

rire  teen  (asung  over  at  the  botloni,  in  su<;b  a  way  that  when 

be  two  loose  wires  are  joined  toa  current  {generator,  such  as 

battery,  the  current  as  seen  from  ihc  top  circulates  clock- 

Kisie  in  one  coil  and  counter  clockwise  in  the  other.    The 

Fiemlt  b  that  Irath  coib  IcikI  to  drive  magnetic  lines  rouiKl 
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the  iron,  S  ^  Q  Af,  in  the  same  direction  of  circulation, 
and  one  of  ttic  giolcs  N  liecomcs  a  North  |iolc,  and  ihej 
4>[|)CT  S  a  South  pole.     The  magnetic  rircuil  consists  of  the 
two  turn  A'  Q  and  S  Q,  connected  at  the  bottom  by  thc 
,tiM4v  A  B.  All  of  these  ithould  be  vX  good  <nrell-unnL'alc<l  10A.J 


Fig.  So.^ElKCni-naeas  (»  Ikhok  VitUiL, 


iron.  In  the  figure  there  is  an  nir-gap  from  JVloS'at  the 
magnetir  lircuil,  hut  the  pole-pieces  and  armaWie,  which  are 
usually  pbced  either  on  or  acrutis  iS'S  to  dimtnith  the  re- 
luctance of  the  circuit,  arc  not  shown,  as  their  particubr  slia]>e 
dqjcnda  upon  the  purpose  for  which  the  magnet  is  required.^ 
One  fomi  of  polc-pieccs,  uswl  when  very  intense  magnetic 
fields  arc  required,  is  xhown  in  Fig.  80.  Here  l.iige  blocks 
of  soft  in>R  arv  M-rewMl  t'innly  on  10  the  io|i  <>f  the  cores 
NS-  These  blocks  arc  boied  oui  horiwmtaliy,  and  in  ilie 
holes  arc  inserted  ihi;  cylinders  r  /,,  ivhirli  fit  the  holes 
tiL'hitv.  hut  nre  finaily  held  ai  any  dcnrcv)  di.%tancc  a|iart  hy 
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Uic  ciun|>in{{  kkws  tii,  'I'he  cotb  of  tlicsc  cylinders 
turned  towards  each  olhtr  are  pointed,  so  ilifti  ihc  magiiclic 
liiK-s  passini;  from  orw  to  llic  other  lind  ihc  most  )H:fiiieiilil(: 
tnih  by  crowding  dovn  \o  these  points  thus  lengthening 
lh«  (Kithway  in  the  more  pcnnMbIc  iron,  and  shortening  it 
in  the  leas  peinKiihU;  air.  It  shotild  t>e  noticed  also  that 
^thc  yoke  P  and  ilic  upright  cores  of  the  coils  aru  i-ncfixion- 
lUy  niassivc,  so  as  to  siill  further  diminish  the   magnetic 


r*C- l(p— <ljh''a«cxl  Ktc^ro-iOfli^ui- 


rcluctance  of  the  circuit.  In  this  way  a  very  interne  licld 
|u  jiroduccd  in  the  air-space  lying  between  the  pointed  ends 
I  of  the  cyhndcTS  t  e^. 

Still  anoihcr  fonn  of  this  type  of  niagnet  is  ilhiMraied  in 
,8i,  in  whieli  the  shape  oi  tlie  nugnetic  circuit  is.  thu 
'  as  in  Fig.  79,  Inil  the  ckctdc  current  is  carried  by  the 
[wifcs  of  a  »nglc  coil,  which  is  slipped  over  one  of  the  cores 
ooly. 

The  change  of  shape  from  the  oiif;inal  horseshoe  form  in 

'  all  the  above  nu^fnets  has  been  madcchiclly  for  convenience 

of  nuuiufaciurc,  though  partly  for  increased  subilily  and 

I  cotnp-ictnets.     It  is  much  ea<icr  and  eheajKr  to  wind  coils 

L 
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apoD  *q»ntc  botibins,  and  then  ttip  than  over  ibe  loog 
t«ni^l  corck,  than  lo  wind  ibnn  oa  tucfa  a  honcihoc 
■•a  h  ihown  in  Fir.  78.     As  alrejdy  remariccd,  the  corea  and 

}yfikc  thoaU  Ik  uf  iri.-11'VinciUed  wrought  iron ;  th«)'  should 
be  awcftUly  «»fiw:cd  up,  ;ind  fiiu-d  iwgclher  where  (lity 
Join  10  u  lo  dnninbh  the  nugnclic  rcluctuurc  at  ihc  gai>  : 
in  Uci,  if  high  cfflcieacy  is  desired,  they  should  be  Tor^ed 
in  a  single  imcji^  But  frequently  in  practice  such  high  irlti- 
ciency  u  nM  tcquircd,  and  the  core*  aiKl  jrukc  arc  made  of 
cont'tron,  (ait  in  unc  piece  ;  a  dimintilion  of  Ihc  rcluctAnce 
can  in  this  cue  be  xccured  by  ineieastni:  the  cruss-acaion, 
and  tiKfcforc  the  wei^t  of  the  iron,  which,  it  will  be  re- 
iiK-mlfcred,  i»  Mlerit  ^ritui  not  su  jictiiicablc  to  tnagnclic 
linci  a*  wtoughi  iron.  By  auciiding  to  titcsc  small  detail*, 
electro  magnets  can  be  RianuTactured  in  great  numbers  at  a 
trifling  coit ;  and  for  many  purposes,  where  first  cost  is  a 
primary  ronsidcmlion,  they  do  their  wurk  as  well  as  the 
iiKnt  jwifeclly  lUMi^ned  an<I  cx{icnsivcly  eun-ttructed  eleetro- 
magncis.  'I'his  i;>  especially  the  cau  with  eleciio-magDcIs 
for  trcn)blin|j-t)clli,  indicatorB>ctc.,bui  when  they  haw  to  lie 
used  in  telegraphic  inalrmnctit-s  telephnncs,  OC  dytvamo 
machines,    tlic   importance  of  ;{ood  design    becomes  pre- 

idominant.  The  »d vantages  of  the  ctub-footcd  fonn  (Fig. 
(ti)  are  not  vcr)-  {:ml :  it  is  cheaper  to  make  and  nwrc 
comjiact  than  tlw  ordinary  form,  also  its  magneitc  circuit  b 
shorter,  and  therefore  re>|uires  less  inajsneto- motive  force  to 
set  up  a  given  nugnelic  lIuJi,  On  the  other  hand,  to  obtain 
tills  magneto  motive  force  will  require  a  greater  cx)>cndilure 
of  electric  energy  than  if  two  coils  were  tneil  with  the  same 
amount  of  copper  wiic  u|Km  them ;  for  there  will  obviou&ty, 
for  Ihc  untc  tcsisiaiRc,  \k  a  leu  num)H-r  of  turns  of  wire  on  live 
Bluuier  cml,  and  therefon;  a  heavier  current  wjll  be  required 
lo  give  the  some  number  of  am|iirc-tunu  (ut  page  1 50). 

Another  form  of  single-coil  •'                               '■■    ■  1   \:\ 
Vm-  Us,  where  it  irill  be  noticed  1  <  <    sl-<1 
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in  a  doidy-ntlii^  ouler  cylinder  of  iron.  ThiH  cylinder, 
whk'h  in  tnaftnetiically  connected  10  tlic  lower  end  of  the 
central  coic  by  a  heavy  citcubr  yoke  of  iron  (not  shown  in 

I  the  fiKMre)!  fomis  (he  return  path  for  the  magnetic  lines  set 
ti|)  in  Ihc  core.  Su]>{KK(ing  a  clockniie  current  in  the  coils, 
when  looked  at  from  above,  the  miignetic  lines  will  pass 
vertically  down  the  central 
core,  S{)rcad  out  in  all  direc- 
tions through  the  irtrcubr 
yoke  at  the  ImXIoid,  and 
rciiiin  ii|>ward«  thTnu(;h  ihc 
iron  cylinder  ;  the  inagneii'' 
circuit  is  then  completed 
through  llie  air  from  the 
circular  nm  of  the  cylinder 
to  the  toi>  of  llie  central 
core.  We  ihtu  have  an  an- 
notar  or  ring-Eliflpcd  North 
pole  (N  N^  surrounding 
an  ordinary  cirtular  South 
pole  ^  1'hc  armature  for 
such  a  magnet  should  of 
rotirse  be  a  eiriular  disc,  of 

the  xame  diaitieier  as  lite  cylinder,  and  of  suRicient  ihiekneRx 
of  iron. 

A  further  modi fical ion,  for  very  difTeFcni  purposes,  of 
the  two-pole  eleclromajinct  ts  $hown  in  Fig.  Sj,  nhieh 
represents  the  field  magnets  of  a  two-pole  dynamo  machine. 
Here  the  yoke  K  b  at  Ihc  top  and  b  very  massive;  the 
cores  C  Care  also  very  thick,  and  the  pole-pieces  jVand  S 
correspond inj^Iy  Urge.  The  object  is  to  produce  an  inicDse 
field  in  the  <:ylindric  spai-e  between  :\'anO  .V,  in  nhith  Ihc 
spiiming  aniiature  revolves,  aitd  it  should  be  noticed  hon-  tlie 
compactneBs  and  ma&sivcncs«  of  the  magnetic  circuit  lend 
to  rcfhice  the  reluctance.  1'he  nagnci  stands  about  lour 
1-  3 
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feet  high,  and  in  such  laigc  nugncts  the  cnc^  s|)cni  in 
m-iiiilnininf:  the  ina^iK-lising  cuiTcni  is  a  svrioiig  (icin.  and 
imikt  be  Todiicfd  to  a  iiiiiiiinuiu  ;  hence  ihv  iivccNsity  (ur 
carerully  followiag  the  iiidJcatioDs  (rf  magiieuc  ihcory.  The 
coils  surrounding  the  cores  C  C  arc  shown  in  se«:tion,  and 
the  feet,  a  !>,  on  whi<:h  the  magnet  iX'Sis,  arc  of  non-iaagnvtte 

material,  m  as  to  cause  inore 
lines  to  |»ss  Ihrouyh  any  iron 
placed  in  th«  cylindric  space 
A. 

Fig.  84  illustrates  a  lonn  uf 
clcclroniii^nel  invented  \>f  Pn> 
fcssor  Huglies,  and  largel)'  Umm), 
OK|>cci.illy  on  the  Continent,  in 
his  wctl-known  {trinlin^  itle- 
graphs.  It  is  of  the  two-pole 
t)'|>e  already  referred  to,  witli 
these  dilfctcncc^;  the  body  of 
the  mafinet  eimsUu  of  three  ur 
four  similar  and  equ^l  flat  pieces 
of  Ntcel  of  horseshoe  shape 
|>erinai)enlly  magnetised  and 
then  clamped  lOKcther.  Such  a 
magnet  is  known  as  a  (em/vund  fiermaitenl  magitti,  and  it  is 
found  that  stronger  magnets  can  be  made  in  this  way  than 
with  the  same  volume  and  shape  of  sleel  in  tlie  solid  form. 
On  the  jKiles  of  ihix  [icrnianenl  magnet  soft  iron  pole-pieces 
of  the  shape  shown  in  the  figure  arc  screwed,  and  these  are 
Eurroundcd  by  the  magnetising  coils.  'Hie  function  of  these 
coils  is  to  increase  nitd  diminish  the  pull  on  lite  arii»tttre  a, 
which  winks  against  the  s)>ring  1  shown  in  the  side  vk-w  on 
titc  left  By  a  series  of  exhaustive  and  |>aticnt  rcsciTuhes,  Pro- 
fessor Hughes  discovered  that  this  method  of  piling  up  tlic 
c<>il).  on  the  polc-piccet,  gave  far  mote  /w/w/  twrkin^  than 
dLstribiiling  thnn  along  ihi.-  whole  length  of  the  magncL 
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lUH  in  his  printing  telegraph  the  jrnwtwrc  ts  niovwl  hy 
a  Gmntl  tele- 
graphic current, 
Jatiing  only 
alwui  \\k  one- 
hundrudth  part 
oT  a  second. 

The      unic 
I  pr>ncii>lc      has 

in  ciociro- 
li.-li.-i>hnni'S, 
where  St  ill  grouer  sensitive- 
mics  l(>  rjipitl  changes  of  the 
inoKiiu lining  current  is  re- 
,  qtiiroL  One  form  is  illus- 
trttvt]  in  ^'ig.  85,  uliich 
iboirs  the  ekciro  magnet  of 
a  Gower  lcIci>honc.  'i'hc 
yoke,  /V  0  S,  of  I  he  mngnci 
is  scmicirailar.and  the  coil.% 
[  which  are  to  re<:oivc  the  lapidly  changing  currents  are  seen 
[piled  on  to  the  ends  of  the  polc-picces. 

STosi  of  the  clectro-mai;- 
ncts  hitheito  dcsxrribcd  produce 
mechanical  motion  t>y  drnwing 
a  ruovaI>le  atntnturc  up  to  iheir 
poles,  but  an  entirely  different 
way  in  which  a  magnetising 
xolenoid  can  lie  used  toprodnee 
such  motion  is  shown  in  Fig.  86. 
Thi«  has  been  rcccnily  called 
hy  Dr.  Thompson  the  Coiland- 
Plunger  Electromagnet  The 
iacii  that  a  solenoid  was  able  to 
**  *^'^'r£^S:'  "  '^"  attract  inlo  it  a  piece  of  soft  iron 
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wu  rerjr  early  olMcrred  in  the  bbtory  of  electfo-mgnctJim, 
and  wu  utJlucd  in  many  early  forms  of  dcclro-magnclic 
engines.  The  mclhod  of  working  can  be  demonxtraied  frilh 
thv  npinratus  shown  in  the  Tigure.     A  hollow  folenntd  A  b 
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joined  lo  a  battery //,  and  a  key  5,-  ilic  soft  iron  core  of  the 
solenoid  cnn  be  withdrawn.  I.ct  it  be  withdrawn  and  the 
rurrent  turned  on  by  closing  the  switch  £  If  now  iltc  end 
of  the  core  C  tic  introduced  into  the  coil,  it  will  Im  found 
llial  it  \&  strongly  pulled  inwards,  3n4l  this  pull  increase!)  as 
more  of  tlic  core  enters  the  coil,  reaches  a  maximum,  and 
ih^-n  decreases  initil  the  rore,  if  longtr  titan  Hie  coil,  lies 
xymmetricaliy  within  it,  with  eiiual  Icngtlit  ttiikin);  out  at 
each  end.  If  the  core  b  withdrawn  a  few  inches  from  this 
position  and  released,  it  will,  provided  the  interior  of  tlve 
solenoid  is  smooth,  oscillate  alxMil  the  central  position,  and 
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linally  Kettle  ttowit  in  lliai  posiUiou,  as  if  it  were  coiuiraincd 
10  ^o  Hi>  !))■  ebstic  Uinds.  The  exporiincnl  is  a  very 
■tn'kin};  one. 

'Hic  key  111  the  mov-cmciitK  i>(  the  toft-iion  core  in  this 
caw,  n«  well  as  the  in<»vcinen(s  nt'  ;tll  kinds  of  joft-iron  arma- 
lures,  will  l>c  found  l>y  Teintrnibeting  ihc  following  principle, 


Vi|t.  If' — filccUv-ninn  of  iinVi  ftt%  \.xai^ 


ntcli  c.in  l>«  (IcnigDSinited  cv|)erinicn tally,  an<l  also  deduced 
from  il)«  |jiinci|>le&  of  inagn<:tic  induction  already  cnun- 
ciucd : — VVhencvcr  part  of  a  magiKlic  circuit  consists  of 
soft  iron  free  to  move,  Ihc  f«ft  iron  will  wttv  in  such  a 
diiertion  as  to  dtminhk  iht  ma^nctK  r/luetanee  e(  the  drntil. 
In  th«  expe(iiii«nLt  just  deteritted  the  niagiieitc  circuit  of 
the  ftdd  of  Ihc  solenoid  has  manifestly  Ihc  least  reluctance 
when  the  core  is  in  the  central  position ;  hcn^jc  if  the  core 
lie  free  to  take  up  that  jxwtion,  it  will  Jo  so. 

'llic  coil-and-pliinger  [wirKipIc  is    practically    appjii^d 
in  mxay  electro-magDCtic  nKchanisros,  and  especially  in  arc 
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a  cn>K»-[>ii:<:e,  and  wli<:n  llii.-  cvircnl  is  mmcd  od  titty  arc 
drawn  in  towanJj  the  yoke  seen  nt  the  top.  In  this  way  it 
is  obvious  that  t)>c  reluctance  of  the  circuit  is  dlmiitishcd 
in  accordance  with  the  gtnenil  priiiciiilo  just  cnumnalcd. 

As  a  final  illuslraiion  of  ihc  strange  forms  thai  electro- 
magnets  may  aN«iiinc,  we  show  in  Fig.  88  the  field-inagnel 
of  the  Aral  Mordcy  Alternate  Current  D)*naino.  The  mag- 
netising coil  tan  be  seen  encircling  the  central  slinll,  and 
from  this  shaR  on  liolh  sides  of  the  coil  there  xjxing  out 
the  turio>i8  polar  [>Tojectionx  which  curve  round  and  almost 
cnclone  the  coil.  The  pt>lar  projections  catniog  from  the 
two  udes  do  not  quite  meet :  between  ihcm   there  is  a 


A/ACtrXTO-S/.ACTX/C  /.VOl/CTMt/, 


169 


r  air-itap,  :ind  the  Kpccial  olijcct  or  the  dcugn  is  to 
pToduoe  a  very  intense  ficUl  in  thiii  narrow  gap. 


Ma^neto-EIeotrto    Induollon. 

CVrahKl's  discovci)'  (in  i!ii9)  nf  tlie  acriion  of  an  electric 
Curn:nt  upon  a  magnetic  needle  phoed  in  its  ncijjhboiKhood 
«cd  that  a  connection  cxiittd  between  electricity  and 
agnctiim.  It  led  the  way  lo  all  the  hicis  of  electro- 
niifinetiun,  wilh  «liich  mt-  have  juM  been  d^.ttlin^  mid 
thijurcd  how  it  wns  iiO!ivil>Ie  to  olilniii  in.igiietiMn  from 
blcciricity,  or,  more  siric:lly  spe^hio];;,  from  the  electric 
irrent  Thi-  i:i>nvi-rsc  pioblcni  of  how  to  ol>iain  electricity, 
in  iIk  form  u(  the  electric  ciirrcnl  or  otherwise,  from 
etisni,  immaii;ilcly  lictiimc  :i  most  inlcrciting  and 
ng  subject,  3nd  na»  attacked  by  many  cxperim enters. 
The  problem,  howevei',  remained  unsolved  until  the  autumn 
of  iS.^i,  when  F;iTadjiy  obtained  the  first  clue  to  its  correct 
solution,  and  in  the  courie  of  a  few  nionth-t,  hy  a  series  of 
aticni  and  brilliant  experiments,  laid  bare  the  funds- 
ntal  piinri[tte3  tmdcrlying  the  full  solution,  and  gave  to 
the  world  one  of  the  moHi  important  di^ovcrii'n  of  the 
nineteenth  ccniuiy,  ll  has  sometinict  been  sai<l  thai 
Faraday's  discovery  was  accidental,  l»ui,  as  a  matter  of  fact, 
ling  is  accidental  to  such  a  worker.  It  is  true  that  he 
not  expc4:t!ng  the  particular  eflcct  which  gave  him  his 
first  clue,  t>ut  tlui  efleet  was  no  nlighl  that  a  1es.s  i-arefitl 
oluer-\'er  would  ha*'c  passed  it  ovct  altuj^cthei.  In  ihe 
ek%'cn  years  that  had  intervened  since  Oersted's  discovery, 
b  <luile  possible  that  this  cITect  had  been  produced 
note  llian  once,  hut  iwbody  Iiad  observed  it,  or  if  they 
■(I  done  so,  they  had  altogether  failed  to  grasp  its  signi- 
Ilui  even  with  the  due  in  his  hand,  Faraday 
n  great  task  before  him,  and  it  is  im|>0EtihIc  lo  admire 
DO  higtily  the  Jngeniou.^  n;iuiiicT  in  whjcli,  guided  by  a 
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kind  of  RcienliAc  inmiiioii,  be  htinlc<l  down  the  truth  snd 
plnrcd  die  rexulu  of  ntimciCKi.t  eKiieritneiilN  upon  a,  finn  4nd 
Riiiipit.'  Im^if  <if  wcll-aHocnatnird  fact. 

Whal,  ilurn,  was  the  observation  wliich,  when  dilig«ill)r , 

.  Alkiwcd  iij'.   U-d  l-'n(nd,iy  to  bis  grcnl  di»c<)\-cry  ?     It  »a» . 

fmCfdy  Ihf  imtiiK'tilary  jerk  oflhc  m:c«llo  olanalvam«neier* ' 
Al  A  ttinc  when,  an-ordin);  to  vrlixt   waH   then   known,  it 
■hould  luvc  nrmnincd  Btaiwoory'       I'bc  lirst  clue  is  thus 
docribod  b)'  (■'araday':— 

"  T«o  Knndicl  >nil  (hm  Tcrl  of  tojipcr  win  in  oot  Imcih  wne 
CODnl  nnii-l  a  Uikt  blork  of  woim)  j  «cio(h«f  Iwo  tniulrtd  anil  thrt<  (ut 
rir  limllsr  wirn  were  lntti|)owit  m  «  tplml  lidirccii  the  tEnu  nf  ibe 
fint  t'lil,  nnil  nctallic  contaci  cvctywlwrt  prevented  by  lu*ia«.  One 
iif  Itint  hrllivi  w»t  (vinn<;cl«il  oilh  a  ^InnomCUr.  'knil  the  ntbot  uttll 
a  hflilny  ni  one  liuiKliril  piin  ot  pUlet  Tuar  incliet  *quue,  with  dmibte 
eoppen,  and  well  chnreal.  Wlicn  the  cuaiLMI  «a*  ntiAt,  ihere  wat  a 
Nddn  and  my  ilifkl '  eRect  ai  the  galvanoneler,  and  Uiett  wa»  alta 
a  dmlUi  tliEhl  HTcct  wlien  llic  oonbut  willi  llic  batUir  wu  broken." 

I-'or  our  (iiMcnt  purpose  wc  shall  find  tt  more  in- 
Htrui-tive  tn  ronsidvr  a  later  ex]>(.Tiincnl  imbltsltcd  at  the 
same  time,  and  fonning  the  first  of  thv  series  in  whkh  ibc 
"  Involution  of  EJfctricity  from  MagiKtisin  "  is  revealed. 

A  riog  of  soft  ba^iron  about  sue  inches  in  diameter 
mR  ovenround  with  tiro  coils  of  copper  wire,  one  of  whkli 
wati  placed  as  before  in  ciKuit  with  a  |;alvai^oinclcr,  and 
the  other  vrith  a  battery  and  key  by  wlikh  the  battery  i 
circuit  could  l>e  made  and  broken.  The  arrangement  i«  • 
showm  m  Fi(;,  89,  in  which  the  ring  C  and  its  coils  A  an<l 
ff  are  copied  from  Ihc  figure  gi«n  in  the  Ex^nmentuI 
Rtstarches.  On  closing  the  battery  lircuil  at  the  key  A", 
"the  galvanometer  wax  imnmlialely  afTccied,  and  to 
degree   tax  beyond   what  baa  bc«n  described  when,  with ' 
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a  battery  of  tenfold  power,  helices  jfithoul  ir»»  were  used ; 
I  hut  though  the  contact  was  continued,  the  effect  mx%  nut 
IjK.-mwni'OL"'  "  Upon  lircaking  ihc  coiil.ict  wilh  tliu  luitici}', 
llhc  needle  M-aK  ag.-tin  pDwcrfully  deflected,  hut  in  the 
Irontrar)'  ilire'^tton  to  ihal  iiwluccd  in  the  firw  insunncc." 

Now.  when  ilw  Iwitcry  circuit  was  inj,dc,  wc  know  thai 
[ihc  effect  of  ihc  current  in  coil  .-/,  on  its  soft  iron  core, 
[Would  be  lo  mitgiKlUt  it,  and  (lut  inu^  of  the  magnetic 

linei  lel  up  in  ihc  iron  would  |>ass  through  coil  ^,  since 


Fir.  8»— Pindar*'  DiKOnry  sf  Uii(ncli>-EI(Clric  ti]i]iiclion. 

llhe  magnetic  rcluclance  of  the  path  thioufth  the  iron  in 
Iciiit  /S  would  he  much  IcfS  than  that  of  any  of  the 
|aliernative  |Xiihs  through  tlie  air.    Thui  a  lot  of  magnetic 

lines  were  suddenly  pushed  through  the  coil  B,  and  the 
IrcMilt  was  a  momentaiy  currenl  in  the  circuit  of  which  that 
[coil  furmcd  a  part.     That   the  momenlnry  current  was  due 

lo  the  introduction  of  the  magnetic  tines  into  the  coil 
^connected  lo  tlte  galvanometer,   Faraday  showed  by  dis- 

pen^n{;  with  the  hattcry  and  the  coil  A,  and  introducing 

a  permanent  magnet  into  the  cod  /'.  .Simil.irly  he  showed 
,lhai  the  reverse  momentary  current  on  brcjking  the  battery 

circuit  was  diw  to  the  witltdran-al  of  the  magnetic  lines. 
Wc  may  renuu'k  in  passing,  that  the  fact  (hat  a  current 
induced  in  this  experiment  shows  conclusively  that  the 

lines  aelu-illy  /itir  through  iron,  and  do  not  simply  \x^\a 

lod  end  on  it  when  the  iron  \*  magnetised. 

A  convenicM  way  of  making  experiments  on  magneto- 
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electric  induction  is  dvi>tctccl  in  V'tg.  9%  B  x»  i  holloi 
bobbin  or  tioil  on  which  Hilk-«>vered  i-oj>i»er  wire  \s  wotind 
in  exactly  the  ume  vay  as  cotton  is  wound  upon  a  rccL 
The  inner  and  outer  ends  of  the  copper  wire  iirc  connected 
rcsi)octivcly  to  the  two  binding  sttctts,  6*  is  a  galvanooJMcr . 
which  is  pliiccO  in  simpk-  circuit  with  the  coil  by  means  o(j 


tit,  go.— iHliKilan  at  Utcirk  Carnoii  hgr  ik*  M«li*  •>(  *  Macncl. 

connecting  iriret^  No  key  or  battery  is  used,  and  lh« 
f;alvanontcier  nitiM  be  phced  so  Tar  away  ihnt  ihc  move- 
n>enu  of  the  inagnct  do  not  d\rt<lly  affect  its  magnetic 
needle  \\1tcn  a  magnet  h'S,  held  in  the  hand,  ts  moved 
towanU  the  ooil  as  sliown,  the  neetlk-  of  the  gnlranomcter 
is  momeniarily  <Jc(kinc<L  When  the  iitution  censes.  tl»c 
galvanometer  necdk  comes  to  rest  again  in  its  otiginal 
]M»itifMi;  and  if  then  the  magnet  be  withdrawn,  the  ncetlte 
is  n>omi.iit<rity  dellected  in  the  u|){>oiiie  direction.  1~hc 
greatest  effect  in  one  direction  is  [iroduccd  when  the  magnt-t 
ts  tHtrudumi  ivrj-  rapidly  right  intidf  ihe  coil,  and  in  the 
oppoMie  dtre<;tiun  when  tli«  magnet  is  very  rapidly  mitk- 
dnnvn  from  the  coil.  The  direciions  of  the  WMwemeni 
of  the  nccdtc   arc  ako  tc\'crsed  if  the  magnet  is   itimcd 
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'rutmd  .iml  brou);ht  u|>  with  Us  south  \m}\k  nmn-si  the  coil, 
initcJid  o(  Us  noMii  {lolc,  as  in  the  dffiK.     Ity  brin);ii))t  uj) 

[tbe  magrKt  in  diArrcni  ways,  such  as  horizontally  and 
ollH-rwUc,  it  will  soon  Ix;  found  ihat  tlitTt  is  no  molion 
ol  itK-  nccdlc  cxrcj)!  when  magnetic  lincii  arc  inlrodiiccd 
into,  or  wiihdrawn  from,  the  spact;  enclosed  by  the  coil." 

We   would  icmiTii]  the  reader  ttut  the  whole    of  Ihc 
y,i»ai  rwind  a  magnet  is  in  a  italt:  of  .ttnin,  aiid  that  lIic 
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|nl(^(ncttc  line*  to  which  wrc  arc  referring  arv  only  meant 
tu>  call  a|)  a  mental  snd  giaphir  pieiiiic  o(  the  dircciions 
and  majjniludes  of  the  strains.  These  niagiiclic  strains  and 
the  lines  depicting  ihcm  arc  as  much  part  of  the  ma^tnet 
its  ifolcx.  'Ilicy  may  be  modified  by  the  presence  of 
iron,  and  by  other  actions  in  the  external  S[iace,  but  if  the 
magnet  be  ino%-ed  they  accomixtny  it.  Thus,  in  Fig.  91,  if 
the  magnet  S  A'  be  move*!  nearer  to  the  ring  Jf,  a  gl.ince 
St  llic  direction  of  the  lines  will  show  that  more  lines  will 
through  tlic  ling,  and  if  tbe  magnet  he  sli]>|)ed  right 

'  Stfidty  nimking,  Itiii  will  only  t<c  Ihr  ciic  wlicii  the  i.<>imcicllng 
'u^fct  to   liic  ^vaniKucttr  uc  dvxly  Inuicl  io)[e(lici   w    Ihal  bo 
nutnak  lian  an  |»a  brtWMs  iixm. 
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into  ihc  liiig,  all  ihe  lines  wliich  pass  iliroush  ilic  malcrul 
of  the  niagnL-t  nil]  p>ass  through  the  nn^,.  During  the 
moiiim  of  the  nm^nct  towards  niiil  into  lh<;  tinj>  cunciits 
will  be  induced  in  the  ling.  Now,  as  regards  the  im«i- 
duclion  of  the  lin«^,  ii  U  ubvioiisljr  iinnutcrial  whclht-r  wc 
move  the  nin^nct  luwurdx  the  ring  or  the  uu^  towartU  the 
ningnet,  and  cx|>ciinient  shows  that  in  cithvr  cue  the 
induced  currents  arc  the  same,  pruridcd  the  rate  of  approach 
be  lh«  same. 

The  direction  in  which  itie  induced  currvniA  circulate 
in  the  riiift  or  in  tlie  coil  in  the  vaiious  jiossihlc  cases  K  vtxy 
iinponant.  Ii  is  cosily  deduced  for  uny  given  change  oT 
llie  endvned  lines  by  applying  the  following  simple  law 
fir^  enunci-tted  tiy  Lcnz,  and  k?iown  as  Lenz'  Law :  -  7^ 
dirttlioH  (if  Ihe  itidiKdi  (urraiis  is  socA  as  to  s((  up  a  ^li 
wkUh  will  tetd  to  kltard  t/it  (hitugt  that  it  tauiins  tie 
indudwn. 

'I'o  apply  this  law,  nc  return  to  Fig.  90.  If  the  N  |>ole 
of  the  magnet  is  moved  along  tJie  axis  of  ihc  coil  towards 
it,  this  motion  would  be  rxrUiidod  if  the  currents  in  the  coil 
were  such  ai^  to  produce  a  virtual  North  pole  at  the  to}>  end  of 
the  ckhI,  for  that  would  Mfict  the  ai>proaching  N  pole:  StKh  a 
virtual  North  pole  wotikl  be  scl  up  by  currents  circul.iting  in 
the  wires  of  the  coil  in  a  (eunltr^lothi'lie  direetiun  a.i  «en 
from  the  tO|)  end  of  the  coil.  The  direction  of  the  move* 
nKnt  of  the  i^alvanotuetcr  needle  shows  that  this  h  the 
direction  of  the  momentary  currvnls  in  Ihc  coil.  Again,  as 
the  ntagnul  is  withdrawn,  the  N  |>ole  being  downwards,  its 
withdrawal  would  be  retarded  by  the  atlnction  of  a  South 
|>olc  jtroduced  al  the  tu|)  end  of  tite  coil.  Ttie  induced 
currcnlK  are  found  to  be  such  as  would  produce  such  n 
South  |M>le :  they  flow  in  a  ciinkieiu  direction  round  ibu 
axis  of  the  coil,  and  hence  dellcci  the  gatvanontetcr  needle 
Ihe  opposite  way. 

TIk>  dirc4:tton  of  the  cirailalion  of  the  currenla  rctjuireil 


AfACXSW-SieVTICK  /.VPtKTtOV. 


>JS 


po  pTOcJuce  ilie  varioiiK  aiimciions  ami  rvinilsiuns  can  bCi 
'  rcini-mberc<l  liy  ihv  "  lorkM^cw  "  lulc  alie^dy  ^wvn  (page 
I  t4if).  This  Miggcals  anoihcr  way  or  applying  Lcnx'  law. 
'ir  the  moiiofl  of  thv  inagiK-l  is  sitch  as  lu  iticrtaif  (he 
I  number  <if  line*  uf  fonx-  |u>mii)j;  itirutigh  ihc  coil  or  lircuil, 
Ihv  imlucc<l  <:t)ircnts  will  lunil  U>  |ui<:k  lin»  t)ini<i);li  in  tlie 
ko|i|K»iic  diccctiun,  and  thus  relarJ  flu  hunaK.    On  ihu 
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Other  hand,  if  the  motion  of  the  magnet  is  such  as  to 
tltfrtast  ihc  number  of  lines  of  foTce  enclosed  by  the  coil 
at  circuii,  the  induced  currents  will  tend  to  imck  lines 
lliriHigl)  in  the  name  direction,  uivd  lhu:t  retard  the  dttrease. 
It  must,  of  course,  be  reniembcrcd  that  t!»e  lines  of  force 
of  a  magnet  are  regarded  as  running  /rem  ihc  N  jiolc  to 
th«  S  jKilc. 

In  Kig.  91  we  haw  indicated  by  arrows  on  the  ring  R 
I  the  directions  of  the  currents  induced  in  it  as  Uic  inagnel  is 
moved  up.    The  reader  way  ap|>ly  both  the  ahove  methods 
la  examine  and  ctiecl:  thiK  result. 

In  the  preceding  wc  have  for  tlearnciiS  always  s[)okcn  of 
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a  /frriMNtHt  laa^net  being  used  in  ihc  cxpcriimrnU,  but  tt  it 
obvious  that  [liv  same  rcsutls  iroul<l  fullow  if  an  vli-ciru' 
magnet  or  even  n  wmple  tiok-noicl  tarrying  a  inirreni  irvtt 
used.  TliuH  the  penninem  nuiKnet  of  Fig.  90  may  be 
replaced  by  a  coil,  P,  c3rr>-ing  a  current  as  in  V\^.  9a.  Ai 
this  coil  is  moved  up  il  will  induce  n  momcnlHTy  curroil  in 
S  in  one  dirvclion,  nnd  n.«  it  n  muwd  iii>';iy  tliere  will  be  a 
moincnUiry  cuireiit  in  the  o|>|)uMie  ttitection.  A  lilllc 
coiiMderation  will  Nhuw  that  in  Ihc  liret  cam,  mtiei)  the  <:o<l 
approaeka,  the  im/Hecd  surrtnt  will  be  in  a  confriify  dtrt<t\oH 
to  its  own  cun'cnt ;  (01  the  induced  cunent  niiixl  be  tucb 
that  the  l*ro  ncaicst  end*  of  the  coils  miirt  have  iHe  Kiine 
Virtual  i>olanl}',  and,  tlK-refoie,  when  both  are  looked  at 
from  above,  the  (wo  currents  must  circulate  in  o|>poute 
directions.  Similarly,  as  ihc  current  coil  /'  is  withdr.iun,  a 
current  must  bo  induced  in  the  coil  S,  which  circublea 
round  its  axis  in  the  ume  direction  as  that  fA  the 
truirent  in  the  recedtnt;  coil. 

We  have  above  siioVcn  of  the  Uncs  as  being  introduced 
into  the  "  coil  or  circuit  " ;  the  latter  wor^l  opeiw  uj>  a  wider 
a$]>ecl  of  the  tguestion.  FirM,  for  the  currents  to  flow  at 
all  tlwre  must  be  a  fhted  drtuit.  Secondly,  the  currents 
which  arc  indui:ed  in  such  a  circuit  depend  on  the  chftngc 
in  the  n<iinl»er  of  lines  of  force  enclosttl  by  the  circuit  at  a 
a-fMie.  J'hus  if  in  one  r>art  of  (he  circuit  tlie  lines  are  l>dng 
dimintihed  ur  jiacked  ihioujjh  in  the  opposite  way  at  the 
sanie  rate  at  which  they  arc  being  introduced  at  another 
pait  of  ihc  ciniiii,  no  current  will  be  induced.  In  l-'ig.  90 
if  the  inagnel  l>e  brought  up  fiirriionlai/y  to  the  rcntre  of 
the  outside  of  the  vertical  coil,  no  current  will  be  olrservcd ; 
for  one  half  of  the  coil  lias  lines  )u.sM:d  through  it  in  one 
(lirccnion  and  the  other  half  of  the  coil  has  an  equal  number 
paMted  through  it  in  the  o|>ju>!iilt.-  diret*tion. 

A);ain,  thcrv  may  l<c  iko  movement  <kf  the  galvanomdcr 
if  the  needle  receive*  two  opposite  impulses  rcry  rapidly 
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nftcr  one  niiotlicr.    'I'huit,  if  tli«  coit  //  in  Vig.  90  Iw  Ik-IcI 
over  the  floor  an<\  ihc  mn^nct  droiificd  ni;1il  ihrougli,  the 

■  tcnttcMty  of  ihu  ucvdlc  to  move  in  ont-  (tiiirction  diifing  ihc 
approaih  of  llic  magm-t  is  Immcdutcly  folluwcd  by  .tii  ii^unl 
liut  ci)it>cisitc-  tentlcitLy  during  ihe  n-tical.     If  very  scmitivr, 

'  ihc  galvwioRicner  Dcedle  may  gSvt  a  flight  ijuiveT,  hui  there 
will  Ik  no  Lirge  dclluclion. 

'Ilivrc  PS  another  K-.iy  of  tcganling  ihc  phcnun^cnn,  whidt 
wc  ih&ll  find  vci)'  convenient  when  consi<iering  dynamo 
nutchinrJ.  \Vhcnc\«r  .1  current  flou-s  in  :t  circuit,  it  is 
liccau&c  iiti  electronioiJvc  forec  has  been  somehow  set  up  in 
line  or  iiiorc  [lUls  of  the  nircuit.  In  the  c.tsc  of  batteries, 
ttc  h.iKt.-  givirn  rcuwiiK  for  supposing  tlut  RM.K.'s  exist  ^i 
the  meuU-aci<I  JutKtionti.  Now  when  momentiiTy  currents 
aic  induced  in  clo^d  cirtuits  by  ihc  motion  of  iiuignels, 
K.M.I'.'x  niitrt  W  monientuiily  ]>ric:M:nl  tn  the  ciivuit. 
Su|>|K)se,  for  instance,  that  a  vn/y  small  gap  is  made  some- 
where in  the  circuit,  so  that  no  currents  can  actually  flow, 
but  everything  chc  rcmniii*  as  before.  If  now  a  magnet  is 
nio\cd  as  ht-fore  near  the  circuit,  we  stiould  expect  to  find 
tltat  the  tendency  for  lire  ciitrcni  to  flow  is  set  up  in  the 
wnductors — in  other  irords,  that  an  E.M.F.  is  gcncrnlcd  by 
the  ntotion  of  the  ra;ignel.  Kx[x;nmeni  shoirs  1h.1t  this  is 
the  ca.se,  for  we  am  detect  and  measuie  llii.i  E.M.K.  with 
suil^le  instruments. 

Whcic.  then, are  wx-  to  look  for  the  "scalof  thcK-M.F^" 
or  in  what  [lari  of  tlve  tionducior  i.t  it  dcvx-lo|>ed  ?  We  have 
seen  tliai  when  the  circuit  is  closed  live  current,  and  (here- 
fore  iliu  E-M-K.  depends  upon  the  rait  of  increase  (or 
decrease)  of  live  lines  enclosed  by  the  circuit.  Now  the 
lines  uf  force  arc  doted  CHrtrt,  anil  c.in,  therefore,  only  get 
inside  ihc  closed  circuit  by  passing  across  or  cutting  through 
the  conducHM.  Supjiosc  thai,  instead  of  thus  entering  at 
Buoy  |Nirts  uf  the  ciraiit,  tl>cy  enter  across  a  com  jurat  ively 
tltOTl  length  of  it  as  in  Vi)^  93,  in  which  the  bar  A  it  ii 
hi 
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supfiosnl  Co  Im-  !ili<ling  nlong  ihc  railo  C  O  and  F  //,  unci  In 
ilius  increasing  (lie  ntiinlx;!  o(  |in»  in  (tiv  |;dU'aniimi:1cr 
circuit  l)>  llicaruini  tnlafgcinvnl  oC  Uk- citcuiL  Thochanj^ 
[hat  a  Uking  placv  k  due  to  tliv  movement  of  llw  »lidcr> 
and  it  is  not  unieisonalilc  to  «u|if><»e  that  the  R.M,r.  tliii 
is  drivinj;  the  induced  currviit^  lound  the  circuit  should  lie 
situated  in  the  slider.  But  the  slider  is  merely  cuuing 
linex  of  forne.  Hence  wc  nrc  led  to  (he  priniiplo  that 
wfifnertr  a  (ondMlor  futs  I'mtt  of  fora,  an  E.M.F.  it  ttt  ufi 
in  Ikt  amduetor  at  Iht  /Akv  whtrt  Ike  /inct  ^  far<t  tat 


Flff.  «>— B.M.P.  b  CadiKlof  nurinf  Lim  et  Tant~ 

aentsit.  The  direciion  of  this  R>M.F.  depends  npon  the 
positive  direction  of  the  lines  and  Ihc  direction  of  motion  ;  j 
it  can  be  dcdwcd  from  the  rules  already  given  by  supposing' 
the  conductor  connected  by  sliding  contacts,  as  in  Kig.  93, 
with  lixed  conductors  so  ax  to  form  irith  them  a  closed 
circuit.  Thus,  if  the  veilical  arrows  represent  the  lines 
of  force  and  the  slider  move  from  left  to  right,  the 
induced  current  will  he  counter-^tocVwisc  in  the  circuit 
shown,  and  theiefote  the  far  end  of  the  slider  will  be  at  a 
higher  potential  than  the  near  end.  The  slider  cutting  the 
tines  of  force  acts  as  an  eleciiicn]  pump,  and  behaves  just  as 
a  batter)'  wotild  if  it  were  pLiced  in  A  S. 

As  an  example,  sujiposc  a  railway  train  (ravelling  north- 
wartu  at  the  rate  of  sixty  miles  an  hoar.  The  axles  of  the 
wheels  arc  condnctocs  <;utting  the  entth's  tines  of  forte  at  a 
definite  tale,  and  a  caUiubble  E.M.F.  is  set  tip  in  each  of 
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ITicsc  axles,      Unforiuit3tcly  It  is  too  small  lo  Iw  of  any 
nctirat  IIKI-. 
Onrrent  Indaction.— Anolhcr    iiliasc   of  ihc   same 
claa  (»f  |ilK-n»iiicnd    wjw    i)Ucuvcri-<i  ami  invft|i^:it«i    by 
ll'anuiay   ai   the    same    lime.       It    i.s    frecitivnily    ireaicci 
iwnicly  under  the  name  of  "  current "  induction,  but  the 
|>rincit>li:s  fnrulvcd  are  tbc  same  as   those   in  have  just 
gmidcrtf'l. 

Ah  ahead)-    freijuentty    (lointed  oiii,   tlicTc  if  in   ihv 
jftcighbutirhocid    of    an    electric    comlucior    curying    a 
irTi-nl  a  ficM  of  coagnctic  force,  and  wc  have  described  the 
|Jctnd  of  fi<;!d  for  various  lyiiic.al  c-wes.     Niiw  this  field  is  only 
l|irv!tint  irhiUi  iliu  <:uni;ni  i.t  actually  llowing.     If,  ihcR-forc, 
ire  suddenly  start  a  current  in  a  circuit,  one  e/Tecl  is  to  act 
u|i  this  Rugncttc  field,  which  inacascs  in  strcn^jth  as  the 
current  ffovs  until  the  latter  hu  attained  its  full  value. 
Tbe  magnetic  lines  nuiy  t>c  pictured  a*  .spreading  outward* 
^from  the  conducting  cireuit  as  the  current  grou-s,  and  n-ill, 
course,  eventually  pass  through  any  other  closed  con- 
ducting  circuit  which  hapjienx  lo  be  placed  ko  as  to  lie 
jss  ihcii  paths.     Now,  ntcordinn  to  the  principles  already 
nundaied.  this  packing  of  magnetic  lines  into  the  second 
tircuil  will  induce  a   momentary  cuncnt  in  it  in  such  a 
lirection  as  will  lend  to  telar<l  the  )>iitting  in  of  the  lines. 
(iVc  should,  therefore,  expect  that  the  starting  of  a  current 
I  any  circuit  will  cause  a  momentary  ctirtent  in  any  other 
dosed  circuit  in   its  neighbourhood.    1'his  was,   in   fact, 
rhai  Faraday  observed  in  his  Itrst  experiment  described  on 
■gc  170. 

For  example,  if  a  ntake- and- break  Vcy  be  insetted  in 

^ibc  battery  circuit  in  I'ig.  93,  as  shown  in  l-lg.  94,  then 

le  should  «J(pe<n  that  whenever  the  key  /C  in  closed  or 

ere  will  he  a  momentaiy  jerk  of  the  needle  at  t\te 

er  ss  long  as  tltc  two  coils  ate  in  the  positions 

ndkoted.    For  K^hcn  the  coil  /'has  no  current  in  it,  there 

u  » 
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is  no  inugDcliv  fickt  Mirtniin^titt;  il,  and  iM  linn  of  fane 
rriiiii  il  lUKS  ihroiigli  the  mil  .V.  lUil  nhcii  /'iK-am  a  •riirrent. 
soiiit  of  the  lino  of  iotCK  cliii;  to  this  ^iimni  n'ill  [as& 
ihrnit};)]  £  I'hc  ikuiD);  uf  itic  Ixaltcry  ciicuit  U<  lUcrclbK, 
vquivalcnt  to  the  liringing  u|i  of  a  inagnct  to  the  poaition 
of  J'  fium  an  tnrmile  clistan<:e ;  and  tW  breaking  of  the 
lultery  ciraiit  u  «i|iiivnl<:iit  to  the  sudden  removal  of  ihJi 
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magnet.  In  each  case,  therefore,  curtents  will  be  induced 
in  S;  in  the  first  case  in  such  a  dirt-dion  a&  will  lend  to  repel 
the  coil  /',  and  in  the  second  cam;  in  mch  a  direction  a»  will 
tend  to  atlraci  P.  'Che  first  of  ihcM;  currents,  i.e.,  the  cuncni 
at  maki,  il  will  Uc  found  niu^ki  cirt-tiliilc  niiind  ihi;  ronimon 
axis  of  Uie  Ivro  toils  in  the  t'Pf^'siU  diiLclion  to  the  rum-nt 
io  /";  whiUt  the  current  al  /'raii  will  circulate  round  in  ih< 
lamt  dirctUiua  as  tite  currvnt  in  /'.  Tliesc  arc  someiinm 
rerericd  to  as  inx^nt  and  dimi  currents,  and  the  result  is 
briefly  sLUcd  ihns  :— On  Wrt*/*wf  a  niitent  inxxrst  rutrcnts, 
and  on  treakitig  tlw;  iiirrtnl  .fini^l  currents  ans  induced, 
in  neighbourini;  drcuiis. 
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The  fflTnrl  is  crcn  iwrccptiWc  when  the  ncigtilmuririg 

^parls  of  tli«  twn  circiiilt  consist  or  (wo  |>anilk-l  wiics  only, 

x«  in  Fi);.  <;5-     On  pri'ssiii);  llic  key  A'  »0  at^  to  lun  a 

I  current  in  W  /',  ;i  nioiiitntan-  cunwii  in  the  opjoiiic  dircclion, 

|»  »)K>wn  l)jf  the  ariow,  is  induced  in  D  C.    The  application 

I  of  the  pretreding  nilcs  to  this  cue  b  very  caty.     A  current 

from  .-f  lo  B  will  cause  lines  to  \wa  upu-ards  through  the 

circuit   D  C  H  X  from   Iwlow   the  table.      Whilst  these 

lines  arc  being  forced   into  the  circuit,  a  current   must 

lie  inducwl  whieh  will  lend  to  force  lines  donnwards  from 


above  to  below  the  table  The  direction  of  the  cuacnt  must, 
Uictcforc,  be  clockwise  in  the  circuit  D  C  U  N,  that  is  it 
must  pass  from  D  lo  C. 

similarly,  on  breaking  the  lMl(i.'ry  current  at  the  key  K 
a  nrontenlary  einrunl  will  lie  indined  in  the  nitc  CD  from 
C  to  J>.  Abo  any  mfreast  «r  dtfrraif  <A  the  current  in 
^  D  will  cause  induced  currents  to  (low  in  the  eirrutl 
D  C  II  jV  durinj^  the  lime  thai  Ikt  increast  <>r  sftfrtase  is 
taking  f'iaa.  Theae  in<Iuced  currents  in  and  from  neigh- 
bouring circuits  become  of  great  imponancc  in  telephone 
work. 

Induced  tiirrenl*  may  ihentselves  k'*'«  rise  to  fiirth«r 
induced  cunents,  .in<t  these  yet  again  to  others,  and  so  on. 
The  existence  of  these  induced  airrenis  of  the  second  and 
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hi|[ticr  orders,  as  ihey  are  called,  was  very  airclully  intrcii- 
lignlcd  by  Piofi-ssDr  Hcnr}-,  uf  Priaccton,  with  the  ribbon 
4;uiU  nhown  ai  the  [i>ot  o(  ihc  ckclro-miignet  in  Fl(t.  78. 
'HtcjifincipleoflhcphenomeiM  i.s  illintr.iied in  Fit;.  9ft.  The 
roil  I,  b  |iUix-ii  in  drotiii  will)  abattcry  and  key  (noi  shown 
in  ihc  fiKUtc),  so  that  a  current  can  be  luoicd  ibroU|;h  U  aiid 
broken  at  |il«auire.  CoJt  11.  is  [>lic-nl  dwc  to  I.  and  in  its 
mntinctic  (icid,  and  coil  III.  in  in  circuit  with  If.  Uit  at  a 
iltKlniRc  from  ii.  Coil  IV.  is  similarly  placed  wttliin  the  licid 
iif  III,,  and  its  wire  cmh  in  tn-o  tncl.iHic  londk-t  wliich  can 
be  grasped  by  ilic  ahscncr.    The  nukir*^  ami  l>tciikiri)]  of 
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the  current  in  1.  C4usn  momGniary  alternate  cvrrenls  in  II. 
and  1 II.,  and  the  rise  and  fall  of  these  cunents  give  rise  to 
»till  niorc  comiilrx  currents  in  IV.,  the  x'ariaitoiis  of  which 
are  ])hy»iolagica]ly  iwrtejilible  to  the  otwcr\i;r  .it  a  nc-rtotis 

klHXk. 

SelMndnctiOD-'  -But  iIk-  fact,  tiwi  Ok padmg.  cj  ann  of 
magmlii  Jiirii  int4.i  a  (loud  (irCHil  iiidueti  an  E.M.F.  in  that 
fiuuit,  \\a,ii  a  still  further  conscquciKc.  ^^'e  have  seen  that 
wlven  a  current  llo*t«  in  any  dmiit,  all  the  lines  of  force  due 
la  the  cturcnt  yoAi  through  the  circuit.  'I'hcrelure,  v.'hU$t 
tfir  (urrtnl  ii  1  the  circuit  thf  nnmbfr  of  Una  paaiitg 

thrnugh  U  ii  I  Thus,  during  this  time,  there  muM 

be  an  iruluced  K.M.F.  in  the  circuit,  arut  a  moment's  ooa> 
sidcratiof)  will  show  that  the  induced  F-M.F.  muM  act  as  a 
Arc*  f^rtnurt,  and,  thcrcloie,  rtlnrd  tkf  riu  pJ  the  itirrtHt. 
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bu  indiircd  E.M.F.  bcini;  due  to  ihc  rurrcnl's  Own  lin«« 
'  force  is  known  its  Ibc  E.M.I-'.  of  fti/indiiflioH. 
On  the  other  land,  whtn  Iht  dreml  it  irvifi,  the  lines 
if  force  <Iiie  to  Ihe  tufinii  aic  taken  out,  uivd  ilicicforc  an 
..Nt.K.  is  induced  in  the  eireuii  in  the  same  direction  as  the 
|£.M.K'  of  (he  ckclHc  generator,  and  tending  to  nlard  He 
^ Jali  vf  Iht  (vrrtnl.     In  comeiiticnce  of  this  iidded  ^^M.F. 
of    induction    the    potential     diAcrcncc    (IM>.}    at    ibc 
[two  sides   of  the   break    may  rise  so  high   as  lo   came 
Fr  vivid  s;>ark.     The  cnict  i<> 
[tt)>e<.'blly  noticeable  If  tlie  lines 
of  force  through  the  ciraiit, 
lur     the     indurtantf    of    (he 
'Cirmit,    arc    ^vry    great,    as 
when  an  dcetro-mognct  it  in- 
cluded in  the  circuit.    Thus,  if 
small  bnHcrj'  with  an  Iv.M,F. 
^of  a  few  volts  only  l>e  iiM;d  to 
excite   a  large  elcctro-ma^tnei, 
the    spark    on    breaking    the 
Lciicuit   may   be  so   long  and 

Ivivid  as  to  ii»dkalc  a   I'.D.  of  hundreds  of  ^-olts  at  the 
aint  where  (be  circuit  is  broliea. 
'ITw  rise  of  the  I'.I>.  at  the  two  sides  of  the  break  may 
'Iw  made  perceptiMc  phjsiolopirally   by  a  very  simple  ex- 
periment.      Let   the    mrTefil    from   a    battery    It    be   sent 
llhroufch  an  elettro  magnet  E.M.,  and  let  a  make  »n<l-break 
'icy  K  be  inserted  in  the  circuit.     Join  two  inctallii:  handles 
t  e  \<(<]  conducting  wires  to  two  pans  of  the  circuit  close 
to  (he  key,  but  one  on  eatb  yxAc  of  it.      If  a  pciMin  takes 
.  hold  of  the  (wo  handles  with  his  hands,  then  nhen  the  key 
|K  u  piessed  he  docs  not  perceive  anyihinc  but  wlien  (he 
fkey  is  r^t^ed  so  as  lo  break  (he  circuit,  he  nil!  exjKTience 
>a  shuT])  shock,  lhotif;h  he  could  luindle  the  teiniinals  of  the 
battery  B  without  experiencing  any  sensation. 
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Anotlier  voy  inflnictive  way  of  rcftarding  ilic  maltn 
is  the  following.  Tlic  spncc  iiwludcd  in  the  inagitelic  field 
ofacurrcm  is  in  n  sutr  of  tlniin,  and  liodks  in  .n  sutc 
of  slijiin  have  energy  slorcd  up  in  iheni  which  will  do  work 
ft#  ihc  strain  is  relieved.  A  familiar  example  is  a  coiIc<l 
wai<:h-!t|){ing,  which,  as  it  uncoils.  <lnvcs  the  watch.  But 
in  order  lo  More  uj>  ihis  ftratrttHiny  in  ihe  liody,  oi  in 
Ihc  ether  of  t)ie  xjuce  surrounding  i)ie  oirrcnt,  work  must 
be  done  by  some  source  of  eocT]gy.  llius,  whilst  the 
curreni  K  growing  in  n  circuit,  the  current  f;enerator  is 
called  upon  lo  stipjily  ina^tnetic  strain  energy  to  the  sur- 
rounding medium,  .iiid  therefore  there  w  not  so  much  of  its 
energy  avaibblc  for  driving  the  ctineni,  and  the  growth 
of  Ihe  current  is  retarded.  But  when  the  circuit  is  broken, 
most  of  this  stored  energy  b  ibrown  back  Into  ihc  dr 

mil,  brge  clcetiic  pressures,  or  K.M.I-','?,  arc  developed 
therein,  and  the  bulk  of  the  energy,  tmless  some  other  work 
be  provided  for  it,  h  expended  in  tlw;  heal,  li^hl,  and  sound 
of  the  spaik.  Part  of  it,  however,  is  expended  in  extra 
lieat  in  the  wire. 

In  fact,  in  circaiUt  of  apprecialile  inductanee  the  elcctnc 
current  behaves  as  if  it  had  molar  or  mas&  inertia.  A 
stream  of  w^tcr  cjtnnot  be  suddenly  sLiricd  or  stopped  in 
n  prpc  because  of  its  nuss,  which  ncressii.-ilcs  an  expendi- 
ture of  energy  lo  set  it  in  motion,  and  this  enc^y  lias  to  be 
taken  out  of  it  before  it  can  be  btouglu  to  rt-M.  These 
operations  take  tintc.  Similarly,  an  clectrie  nirreni,  in  ibc 
rasLS  mentioned,  l.ikrs  time  lo  gel  tinder  wci^h.  nnd  when 
alleiiiplcil  II)  be  lUoppetl,  lends  to  go  on.  The  dilTcrcnce 
between  the  two  cases  consisls  ui  the  bet  that  the  eneixy 
in  Ihc  first  case  i*-  stored  in  the  water  hwlf,  whereas  in  the 
case  of  ll)c  current,  the  i-nergy  is  stored  in  ihc  surrounding 
ether. 

This  ifuitii-inertia  of  Ibc  rurrent  leads  lo  many  curiow 
ronsv<)iii-nces,  to  which  we  shall  fre<|uenlly  have  to  refer  later. 
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give  one  cxjiin|>lc  of  lUcm  here.     An  ckctro-raaunei  S 

tfi)  ts  plicod  in  circuit   with   a  Ijattcfy  B,  and  a 

DlvaiMmclef  G  is  placed  a^t  a  liy-iulh  (>r  slmat  across  th« 

"lemiinats  of  A"  At  iht-  poinls  a  and  (>.      The  Uillffy  current 

_flowi  lartly  tliriHigh  (»  .in<l  partly  through  -S,  with  tlirectiuns 

ndtcatcd  by  Iht  tUrk  arn)«s,  hot  the  galvarvometcr  needle 

Is  kqii  in  its  lom  [loniiion  Xrf  a  i>in  nf;ains(  tihich  it  |>rcsscs. 

On  breaking  the  circuit  at  K  liie  galvanometer  n«dle  is 

A' 
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viotcnily  jcrkcfi  away  from  the  pin,  shoving  the  existence  of 
nirrcnt,  ;i-s  tndirated  by  the  dolled  arrows,  in  ihe  opposite 
iircclion  to  ihtz  battery  current.  1'hit  i.i  readily  cxj>latnc(I. 
Tlie  K.M.r.  of  self- induction  hrouKtU  into  pluy  on  breaking 
haitcry  circuit  is  far  grcalcr  in  S  than  in  G,  bi:c.tusc 
the  greater  inductance  of  S-  'Hm  tl.M.F,  is  in  ibc 
Jiiccltfjn  of  the  original  curTeiil,  but  it  ivow  lui.-c  a  cki»ed 
drciiit  through  S  and  G  in  which  to  work  ;  con5e<]UuntIy 
it  oiuscs  a  nish  of  cunent  (the  s&callcd  "  extra-current  "^ 
liound  ihi«  cirruit,  thus  expending  the  mngnctic  strain- 
energy  »f  ll>c  OfiginnI  nirrcnt.  'I'hv  l>r<^iking  tquirk  .it  A' 
-jll  therefore  be  very  sntall. 
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Dynamo-EleotpEo  Msohlnes. 

iMTKill^UCTOKV. 

Although  Faraday's  discovery  of  inagntluek'ctiM:  induc- 
tion W.X1  made  in  iS^i,  and  »l)ortl>*  Aftenr^rds  )>ul)lUi>ed 
to  xhd  wurld  in  bngiutsc  so  clear  thai  titosc  who  nn  nii^hi 
read  and  undi-ntatid,  it  was  nearly  (ifty  years  before  tlic  rich 
hnrvest  of  fruit  tlut  can  be  directly  tracml  to  thai  (li.i<;o\i:ry 
I>eg:in  to  lie  giiihered  in.  It  mu«i  not  Iw  >iiii|<oacd  that 
tlic  diMiovcry  duriDf;  tlwit  ton;;  int<.TVTil  was  entirety  un- 
productit-c,  but  ihc  dcvclo|>ment  was  extremely  slow,  and 
mostly  fhowed  iUvIT  in  tlic  cUboration  of  laboratory  np- 
{■aralu.t  and  ptctty  uxgterimeiils  for  the  lecture  table.  But 
3t  last  the  time  c^ime  when,  with  the  iniprovemenl  of  the 
Dynamo  Machine,  engineers  began  to  ]>crceive  that  a  new 
power  for  bending  inanimate  nature  to  their  will  had  been 
put  into  their  hands,  and  Elcctricil  Engineering  was 
recognised  as  worthy  of  study  by  those  who  diicit  our  great 
manufacturing  tndtiKtrie«, 

Wliat,  then,  is  a  Dynamo- lilectrk  Machine,  or  more 
sliorlly,  a  Dynamo,  and  how  n  it  that  its  devekiptnent  liax 
had  and  is  still  having  so  grt/ai  an  cfTccl  on  Ihc  industrien 
of  the  world  ?  The  first  <{Ucstion  may  be  answrcrcd  formally 
tbin : — A  l>jHam«-Ek(trU  AltitMime  it  a  MofMnt  for  e»it- 
Vfr/i'ng  mtfJiamtal  tiicrxy  inia  iht  <tKrgy  a/  tletlrii  nirreatf 
by  mwinj-  eatiJvetvrs  (usuiiify  ef  c^fier)  wki<h  /arm  /•arts 
ef  eUtfd  ortitili,  in  a  imigiteHc  field,  or  by  iMtrying  n 
maglf/ir  firJd  in  Ike  prtjena  tf  sn(fi  (^n4u<t«n.  'Ihc 
answer  to  the  Micond  question  jiropoundcd  above  is 
abo  indi<viled  in  this  dclinilton,  fur  whett;vi:r  me(:h;in- 
ical  ener^  1ul;i  to  be  Irausmitled  from  a  distant  soutii- 
lo  some  otbcT  plaM  where  it  b  desired  to  aiiU»c  it,  ibe 
electric  cuncnt  fonnj  a  vi-ry  convenient  mean*  of  tfii'ri- 
ii^  the  liaiiuniKtion ;  and,  ax  we  Kbull  .■>»;  in  the  tei|ti<;]. 
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ytt  ihe  cuneiil   can  at  tlie  denirtd   |)oiiit  be 

[into  the  mechanical  or  any  of  ihc  other  fomts 

'  energy  best  suited  for  the  particular  purpose  in  vivw. 

ilcfon:  wc  ptoucvd  to  consi<lcr  the  (k't.iils  of  llie  ap- 

pluiurcs  UKil  in  tliiK  lucihod  uf  U3i»ro[n)iii)(  mectianicAL 

into  elvcirical  euet);y,  it  would  be  wdt  to  L'm;)hasise  ihc 

,  that  in  bU  methodB  of  generating  electric  currtnu  by 

IS  of  mognelo-clcctric  induction  mcclianical  energy  it 

u%«!   u[).      The  iiieihod.  ax  wc   have   exgihined  in   the 

^rteviouit   [>a];cs,    i»scn|iu)|y   de|>end;i  M\>on    the   variation 

of  the  number  of  lines  of  tnnt;iKtic  force  passing  (hrouKh 

.  dosed  CDfiducting  circuit.    This  variation  may  be  canned 

moving  a  magnet  towardi  or  awny  from  tli«  circuit,  nnd 

[it  i>  ]<ertiat>ii  not  easy  to  nee  nl  first  whence  the  energy  of 

>  the  imluee*)  current  in  llic  circuit  is  derived.     It  is  found, 

bowevcr,  as  a  matter  of  experiment,  that  to  move  a  magnet 

towards   a  tlottd  copper  ring,  as  in   Kij^.   <ii.  requires  a 

graiteT  force  than  if  the  liiig  be  cm  across  somewhere  so 

that  it  docs  not  form  a  closed  circuit  and  currents  are 

:  ntublc  to  flov  in  it.     The  additional  energy  ihui;  uKcd  up 

.  converted  into  the  energy  of  ihu  mduted  eleclric  current, 

thich  in  tlii»  ca^e  is  exiicnded  in  warming  the  ring.     But 

ihe  variation  of  the  number  of  lines  passing  through  it  may 

be  caused  by  moving  Ihc  ring  Wt^M,  and  here  again  il  is 

ifoutul  by  e]>l>eriiiKni  that  to  move  the  clooed  ring  rouards 

Libe  magnet  requires  Ihc  cx)>tindiiurc  of  more  energy  than  if 

llh';  ring  be  moved  ihrough  exactly  the  s<imc  space  when 

llht*  mogncl  is   not  present.      Uncc  more  Ihe  additional 

nei^y  is  converted  into  the  energy  of  ihe  iiK^ticcd  cuneni, 

vbich  is  evcniu-illy  expended  in  heating  the  ring.        ' 

In  these  rases,  however,  the  amount  of  energy  tmns- 

/otmcd,  first  into  current  energy,  and  then  into  heat  energy 

I  the  ring,  is  extremely  small,  aivd  the  additional  resistance 

^In  moiioo,  as  well  as  the  small  amount  of  Iwat  juoduced, 

niighi  both  escape  notice.     But  by  increasing  tlic  intensity 
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Tlic  axk-  A  X,  mwii  whirli  thv  disi-  C  i*  fiviit.  is 
connnlvd  tiy  the  loot li«il- wheel  )te:iTin{;  with  the  hamlle  X 
in  ukIi  a  inaiinct  ihal  wlicn  A'  is  (uiocd  slowly  C  rcvolvea 
rapidly.  If  now  Ok  ckTiro-n»n(;n<:t  is  uncxcilcd  atid  the 
handle  A' turned,  no  ttiorc  resistance  to  motion  has  lo  be 
overcome  than  Ihnl  cau-fcl  hy  ihe  mechanical  friction  of 
the  gearing.  Let  the  handle  he  so  turned  until  the  s]ieed 
of  C  U  fairly  great,  and  tlicn  let  £  be  excited  b>-  passing 
a  i.urrenc  through  its  coiK  The  ex|ierimenier  Iiirning 
ihc  handle  immc<lbtcly  feels  an  enormoiw  increase  of  the 
met  luinimi  rexistance  lo  motion,  aiMl  if  he  i«  able  lo  kcci) 
up  the  sjieed  at  all,  he  finds  llvai  he  has  lu  do  much  niurc 
work  than  [vnwusly.  It  is  as  if  the  disc  C  vrete  suddenly 
plunged  into  n  viscous  resisting  medium,  such  an  treacle  or 
coal-tar.  alihout[h  to  the  ejc  the  space  lielwecn  A'  and  5 
does  not  appear  to  be  altered.  Should  the  speed  be  kcpi 
tip  for  a  minute  or  two,  il  will  be  found  ihut  the  dlic  C 
becomes  hot.  How  is  tins  ?  It  is  because  Ihc  disc  C,  con- 
sisting of  a  fair  expanse  of  sheei  copper,  offers  the  choice  of 
an  infinite  numl>cf  of  closed  conducting  circuits  to  any 
cuncnts  which  may  tend  to  How.  As  each  of  tliesc  circuits 
enters  the  inA);nelii'  lieM  it  has  a  current  generated  in  it  in 
one  diteciioD,  and  another  in  the  oi>posite  direction  as  il 
leaves  iL  But  according  lo  the  general  law  already  cnun- 
cialed  (page  174)  these  currents  set  up  maifneiir  fields  of 
such  a  nature  as  lu  oppose  Ihe  change  that  is  takini;  place, 
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thc  electric  currents  generated   in 
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or  i>la<«(l  in  a  viir)'ing  ningnetic  (Will.  wa.t  linrt  pointed  out 
Xry  Foucaiill,  and  they  arc  usunlty  called  cither  l-'xnteittitt 
(urrtnli,  or  f^ritsitie  fiimals,  or  rti'./i'  eurrtnll.  'I'hcy  pUy 
Bn  important  part  in  lUc  design  or  dynabio  rauliiiioy. 


Hi.  ub— rHK  •ylatiaf  in  &la^nk  FWd. 

A  Blill  fiimplct  cxiKrimcnt  devised  l>y  FaincUy  may  be 
pctfomifd  l>y  nn)-onc  wlio  posscsstaa  good  tk-<lro-niagnirt. 
Suxjicud  X  (liM  (in  F;)nid»>'s  (inginnl  cxpciinn'iit  >  cut)v) 
.-/  of  copper  or  silver  beiwtfn  Uie  |>olcs  S  S  (Fig.  loo) 
of  the  ciccuo-magnct  by  a  thread  of  silk  twisL  If  (he  disc 
be  Allowed  to  hang  freely  and  the  magnet  be  un«xdtcd,  the 


bi(;ii»'i  to  iiniwist  uiiltl  iht-  div;  is  i|iitmin(!  at  a  ia|>i<l 

rale.     Sow  let  the  ainvnl  be  sfiil  lliruugli  the  coils,  and 

inimcdiilclr  llie  motion  of  ihe  diu:   is  arrested,  and  it 

becnntcs  aliiiocu  st.iiionuiy,  liirniiig  only  wry   xlowly  and 

a|fparcnily  with  fjrcal  difficuUy,  in  the  scvminjily  imaltcred 

Bfiate.      The  sio|)p3gc  or  the  rapid  motion  is  due  to  the 

"tamrnts  devclo])ed  in  the  disc  slotting  up  magnetic  fields 

which  opfiose  the  motion.    Th«  magnitude  of  these  ciittenia 

dq>i-nds,  as  wc  know, ojjon  the  rapidity  o(the  motion,  which, 

ihiTcforc,   h;is   lo  slow  down   lo  such   a   point   that   ihe 

loptxMing  Riagnoii<:  forces  ra]l«d  into  pby  arc  comparable 

Iwilh  the  very  feeble  untwisting  fotcc  of  the  Killc. 

P      The  espcnmenl  may  In;  varied  by  mounting  a  pUtc  or 

a  ling  <rf  cot>jKf,  to  as  to  xwing  tike  the  bob  of  a  pendulum, 

.between  ih«  poks,  when  similar  results  will  be  obUiined. 

I       'ITicse  simpk  experiments  will,  we  ho|>e,  show  the  reader 

Ithat  the  production  of  magneto-electric  currents  rcf|uircs  the 

E expenditure    of  meeliaoical    energj'.      We   have   iwrpo.tcly 

chosen  tlluslralioits  in  which  the  closed  electric  currents  are 

unall  and  compact;  but  since  the  re)'ist;ince  to  motion  is 

due  to  the  magnetic  field  net  tip  l>)'  the  currents  induced  in 

hhe-te  movinjt  cinniiis,  the  mere  si«  of  the  circuits  will  only 

Knlluencc  the  m3;;ntiudc  of  the  cfTecl.     Moreover,  a  moving 

man  of  the  circuit  may  be  oonncclvd  by  sliding  contacts 

with  1  fixed  part,  so  that  a  path  is  provided  fur  the  induced 

currcnl,  and  then  tf  the  ftrttt  part  of  the  circuit  be  moved  in 

k  magndic  field,  the  same  tesislaiKc  to  motion  due  to  the 

■»an>e  causes  will  l>c  developed.     In  wliat  fullowK,  we  wish 

the  reader  to  bear  these  considerations  in  mind,  though  to 

Lavoid  wearisome  repeiitioa  we  may  not  always  specifically 

Idircu  his  attention  to  them. 

I  Ketumiiig  to  our  definition  (page  106)  we  oluerve  that 
n  dyn-imo  machine  must  Ix;  so  conslnjcted  that  either  a 
Lcloicd  circuit  or  |jari  of  a  closed  circuit  can  be  moved  in  a 
■UpBKtic  field,  or  that  the  magnetic  field  passing  through 
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tome  |)an  at  a  cIcucO  circuit  (Mn  lie  raiicd.  Frum  itic 
rund.1  mental  ])rinci|)le  oi'  mn>;i«;t(vclc(-trir  iniluclion,  wc 
also  know  thnl  incrc.wiig  ibc  miinbct  of  linew  ol'  fixcc 
passing  through  n  cloxctl  circuit  ({it'cs  a  curiciit  m  one 
dircirtion,  and  ilccn-aHing  them  gives  .1  current  in  the  Oppo- 
site direction.  Now  a  closed  circuit  is  nuccssiirily  of  linilc 
dimensions,  an<l  (here  is  also  a  limit  to  the  miiglietomotivv 
force  which  the  most  jjowcrful  ciirrenti  ii.sed  to  excite 
eleclr»- magnets  can  give  us,  foi  ohviously  wc  cannot  use 
8ucl>  cuneiits  as  would  fuse  the  conductors  tarrjing  ihein. 
It  is,  therefoiv,  plain  ihnt  we  t\innoi  go  on  iticre^uing  in- 
definitely the  numlier  of  line«  of  force  through  our  clowd 
circuit,  hut  that  we  musi  eventually  reach  a  )>04nt,  (lq>cnd)ng 
upon  the  i;tcatcst  intensity  of  the  magnetic  field  wc  can 
jtroducK  and  tlic  sue  a(  our  clowtl  ciniuit,  at  wliidi  we  cui 
pack  no  more  liiH»  through  the  btter.  But  currents  are 
only  induced  when  the  number  of  lines  is  iAaitgiiig.  When, 
therefore,  the  irircuil  encloses  the  maximum  ntimber  of  lints, 
w«  can  only  fullU  the  last  condition  !>>' Iie^innins  lotfr'mim'iA 
the  number  of  lines  passing  through  it.  But  this  will  give 
Hs  a  niircnt  in  the  tiffau'le  direction  to  tliai  otxaincd  during 
the  increase  of  the  line*.  Also  the  process  of  diminution 
mtistcouH:  to  an  end,  to  lie  followed  itgainliyom  of  inttcasr, 
which  will  restore  the  current  lo  its  first  direction,  to  he  again 
re%-eTsed  kiter  on.  1'hus,  as  a  primary  conditkiD  of  l]iis 
method  of  generating  a  current,  we  see  that  iIk  currents 
>  originalty  set  up  must  be  alternately  in  op)Kniie  directions  ; 
liich  nirrents  arc  known  as  alttfnale  mrrtuH. 

Ait  an  illiistraiiun,  consider  the  case  of  a  rectangular  loup 
of  wire  (Fig,  101')  mounted  so  a.-*  lo  route  between  the 
IK>lcs  N  S  of  a  large  niajjiiet.  When  the  loop  is  vertiral.  it 
embraces  the  gTL-ate«t  |iossit))c  number  of  tines  of  force  of 

■  For  tUi  ami  many  of  llio  (l|;u(v>  Ulatlnltiig  the  Ibcoi]'  of  ibc 
Cdymno  the  oMbot  b  iMilcbttd  lo  ilie  litoilii«u  uf  lit.  Silnmu  I'. 
PTIlonpooa. 
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ic  IWId  i  wheii  it  is  hofixoiuul,  ;is  i)i»wti  by  ihv  doited 
tliH->,  It  lias  (III  lines  of  force  jiai&ini;  Ifintitsti  n,  for  it  must 
lie  rLinviiilicivcl  tlul  liy  this  term  wc  mean  tliai  the  linvs  of 
^Uutcc  M'tuaDy  thread  t)iro«igh  the  //rtwc  or  iIil-  i  ircuil  Trotn 
^nnc  sidu  (u  the  othvr,  and  do  not  merely  {inss  in  (tiTough 
^Billc  taalcfijil  of  ihe  win:  at  one  side  iind  <»it  ilir<>ii);h  tlie 
^^tiwiltff iai  of  the  wins  at  the  other,  ncvtr  leaving  the  plane  of 
the  looju. 

Stalling  now  frotu  l]ie  vertieal  (losition  as  shown  in  ihc 

;urc  let  the  loop 

be    tum«d    in    a 

dock  wise  direction. 

The  lines  of  fouc 

the    field    Tuii 

sni  the  pole  N  to 

the   ]>ole  Su      Let 

imagine     our- 

elves    looking    at 

the  loop  from  the 

N  pule.     A-t  the  looi>  lolatL-^,  tlitf  iiutnber  of  lines  of  force 

whkh   were  passing  iliroui;ii   it    in   the   vertical   position 

econies   less.     'ITwieforc,  if  the  loop  Ije  a  c-ontinuous 

loscd  one,  currents  will  be  set  up  in  it  which  will  lond  lo 

p  this  diange,  i.t^  which  nill  pack  Into  it  lincN  of  force 

in  the  uiuc  direction  as  thoM;  which  are  being;  cut  out. 

iTlms,  looking  from  the  N  pole,  a  (Uviwiie  current  will  be 

up  in  the  loop  as  it  passes  from  the  vertical  to  the  horU 

tal  (loMlion.     In  the  janie  wny  il  may  he  shown  thjt  as 

u  loop  lusscs  from  the  horiiioiikil  to  tlie  vertical  position 

in  its  continuous  rotation,  a  counier-clockvrise  ctiircnt  will 

««  up  in  it  at  ufH  Jivm  Ikf  N fv/e.     Ihit  we  would  now 

looking  at  the  otlKr  £tce  of  the  wire,  and,  tberdbre,  in 

K-irf  ihc  direction  of  current  is  the  same  in  this  second 

latter-revoliition  as  in  the  first  iiunrtcr,  vi/.,  Uom/iwii  to 

■i  along  the  wire  which  Ims  Iwen  sweefting  |Mst  the  N 
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pole.  But  a  change  occurs  as  we  enler  upon  thv  thin) 
ilunncr-ii-voUition,  'I'hc  lines,  which  hare  licen  gvlling 
threaded  ihroiigh  the  loop  during  the  ivcond  qtiattvr 
fcvulution,  have  now  teachv-tl  a  nia.\iinuin,  aivd  they  licgio 
to  be  cut  out  ajiain.  "Ihus,  there  is  a  real  reversal  of  rurreni 
in  (he  louji,  w  hcthcr  wc  look  at  its  direction  from  lliv  N  jwle 
ur  tliinic  u(  its  direction  in  the  wire.  It  hcioit)<:s  dwiuw  i 
sccii  from  ihe  former,  or  from  ^i*  iffftuHt  in  ihc  wiic  whic^ 
in  beginning  to  sweq)  uvcr  the  facv  of  the  S  i>ole.  Kiiulljl 
in  the  foiinh  quaitcr-icvohitioM  the  induced  cuni-nl  retaiii 
the  S.1I1IU  direction  from  ba<k  lo  fruNi  in  ffiis  uirc  us  in  tt 
lliird  igiiaiiiT,  ihouifh  it  again  clianget  its  ditcctJun  a»  wi 
front  the  N  pulc- 

'J'o  sum  up :  ittaniri};  fiom  ttic  vertical  position,  Uick 
an  induaxl  current  in  the  loop  inm/rani  lo  biuk,  aloiit;  the 
wire  wiiich  slatis  at  the  top,  during  the  whole  of  the  lirst 
half-revolution  -,  during  the  second  half-tevoltilion  the 
cuircnt  in  the  same  wire  is  rcvcrwrd. 

We  have  >j>uken  ihroughoul  of  axrraUs  Iwiiig  set  Up  til 
the  loop,  but  if  the  loop  be  not  iiuite  continuous,  that  is,  if 
there  be  a  small  non-cotiducting  gap  in  it,  say  at  the  front 
c(m1,  no  currents  can  Bow ;  but  the  tiNdeniy  for  ihc  currents 
tu  How  caused  l>y  the  cutting  of  the  lines  of  force  will  cxi^t. 
In  olher  wor<U  aii  lihdmmnlH'e /ora  will  be  set  up  in  the 
loop  in  one  direction  durinjf  the  lim  half  of  a  revolution, 
and  in  the  opposite  direction  during  the  second  half.  Tlie 
nugnitude  of  thi>  K.M.F.  di-jicnds,  as  we  have  seen,  on  the 
rait  at  which  the  lines  of  forte  are  cut  by  the  conducic 
Now  sup|K»in^  the  fiekl  uniform  and  the  lines  stmij^hi,  ij 
(Ik  vertical  |M»ition  tlie  loof),  for  an  innant,  is  not  cultir 
lineH  at  all ;  it  is  dimply  ^tidin(;  alon^;  tlieiu.  At  this  iiiNtari 
therefore,  the  reduced  E-M.l'.  is  zero.  As  the  loop  sning 
round  nt  a  nnifunn  speed  it  ruts  t)ie  hncs  at  a  gradii.ilt; 
inercasinK  rate  until  it  readies  the  )>on):ontal  (KKtilion.  tvhen 
for  an  instant,  it  b  moving  ai  right  aii};Ics  to  the  lines  i 


E.M.E    in   RoTATIMi   liOOP. 


'95 


ia  cuuiiig  them  at  ihc  greatest  possible  rale,  At  this  insunt 
thcE-M.K  luM  \\.%  maximum  valu«.  Il  ihcn  falls  off  to  zi-ro 
when  the  loop  j.i  agaiii  vcniol,  revcntet,  fines  lu  a  negative' 
maximum,  and  falls  off  a^in  to  kcio  3s  the  revolution  is 
compk-ted. 

"llili  rise  and  fvill  of  llic  E.M.F.  is  j;riipht(::illy  depicted 
in  Fig.  loi,  in  which  the  <lift'erenl  angular  positions  of  the 
loop  are  plotted  along  ilic  hoTtwntal  central  line,  And  the 
K.M.K.  irvduccd  in  it  is  measured  vertically  upjvafds  when 
it  is  tn  one  direction  in  tk*  wn,  and  i/ownu'tirdt  when  il  is 
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in  the  opgiusite  direction.  The  points  so  found  axe  joined 
und  fonn  tlie  curve,  'I'hus  ilie  dist.incc  of  any  point  tjii  the 
curve  fioDi  the  centra)  line  represents  on  some  scale  the 
E.M.K  in  volts  in  the  loop  at  the  instant  it  is  [ixMing  the 
corrcjionding  jio^ition  ns  specified  on  the  horiionial  w,ale. 
I'usition  o"  represenu  the  vertical  jwsition  of  the  loop^  and 
the  other  positions  arc  nicaatirt.-d  round  as  angles  from  this. 
'Ilius  the  first  horizonLtl  |>osition  is  90*,  the  next  vetiiral 
petition  i8o',  the  next  horLtoiiial  ;)osition  170',  at]d  the 
complete  re»-oiution  is  denoted  by  360",  when  all  the  cliai^jes 
bt-gin  to  repeat  themselves  in  the  same  order. 

The  paiticular  scale  of  volts  depends  on  the  size  of  the 
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loop,  Ihc  slrenj(th  oi  the  5clil,  und  the  ongubr  H|)cir(),  t)iU 
t.nitcr  being  8iip|>oM:d  unifonn.  Il  has,  (hcfefore,  nut  Itccn 
miirkvd  on  the  diagram,  which  is  meant  lo  rcixcacnl  itn: 
genei.ll  cnie. 

If  there  ts  a  c<Hn))lete  ctrrull,  thenc  vurioin  MM.l-'-'t 
produce  liiccurmpondtng  currents.  But  the  circuit  m^d 
not  he  completed  by  the  looji  itself,  which  may  be  ctit, 
and  its  cniK  joined  to  an  outer  conductor  or  scries  of  »»)• 
dudors,  vliich  complvies  the  cirtniit  ex:ict1y  in  the  Mine  way 
as  the  wire  joining  the  |>o1es  of  3  cell  completes  its  circuit. 
The  outer  circiiii!i,  howctei,  beinj;  6xed  uid  the  loo]> 
rutating.  the  cooncction  between  the  two  must  be  made  by 
some  kind  of  sliding  contacts  or  brusfus  xt  they  arc  uKually 
called. 

According;  lo  uhal  we  tuve  Just  shown,  ttieh  eitd  of  the 
cut  looi>  on  cither  side  of  the  gap  will  be  aliemalely  {wsitivc 
and  negative ;  or  when  tlie  loop  in  in  Kome  pons  of  its 
revoluiiun  the  current  will  tend  lo  flow  from  one  of  these 
ends  round  the  outer  circuit,  and  when  it  is  in  other 
pails  of  its  revolution  the  current  will  tend  to  flow  frotn 
the  other  end.  Thus,  if  a  particular  end  of  the  outer 
circuit  is  nlways  in  contact  with  the  same  end  of  the  wire 
loop,  the  currents  in  this  outer  circuit  will  \k  aliernalt 
currtnts,  of  the  same  kind  as  the  cuncnt^  that  would  circu- 
late in  the  loop  if  it  were  closed  on  ilselC 

A  method  of  making  the  connections  «>  iliat  .sucli 
alternate  currents  may  tie  set  up  in  an  outer  fixed  circuit  b 
shown  diogiaminaiically  iu  I-ig.  lo^.  One  end  of  tlw  loop 
is  joined  lo  the  metal  cylinder  or  barrel  it,  the  oilier  is 
joined  to  iIk  .-JiOTier  itielal  ring  or  ileere  A  wliich  Is 
slipped  'iier  tlie  (*)lmih:r  but  H  MpaiuteO  fioni  it  by  a  ring 
of  irisulalinif  material  such  as  vulcanJMrd  fibre.  H  and  h 
are  tm-o  fixed  brushes  ot  strips  of  copper  under  which  the 
ring  A  arvd  barrel  n  respectively  slide.  The  end*  of  the 
out<:r  circuit  C  arc    |K:nuancnlly  runnecicd  to  Ji  and   b. 
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soineiimcs  fi  h  posiiivc  and  6  ncpitive,  ntnl  nt  (iihcr 
kiincs  i  is  positive  and  B  negaiivc.  Tlic  current  in  C  is, 
ihercforc.  sofnctiincs  in  one  dircclton  ami  somciltncs  in  (he 
jlhcr.  till)  ihcrc  arc  thus  nlicmaic  ciirwnis  in  C.  I'ig.  lo.i 
fncl  whowN  ilif  nK'thuil  o(  lonnfCiion  with  the  outer 
cficuit  in  those  altornntv  cunreni  <Iynanins  vrhioh  h^-e  the 
■ils  under  iitditcdon  movable  (te^  \age  >oS). 
If  liic  cuirL-nl  in  the  outer  circutl  h  Toiuired  to  flow 
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Inlnnyx  in  ihe  same  direction,  a  difTerent  method  of  connection 
in  necessary.  \Vc  must  so  arrange  ovir  coniacw  ihat  at  the 
iDotncnl  when  the  two  ends  A'  and  a  (Fig.  104)  of  the  loop 
arc  about  to  rwerse  their  relative  potentials,  the  connections 
with  the  ends  of  the  outer  circuit  must  t>e  aiitonutJcall)- 
rL-ver»ed.  This  is  done  by  usitifi  a  iwo-pail  fommutalor, 
which  will  couimiilc  or  change  the  connections  at  (he  right 
momcni.     Ilie  simplest  fonn  is  ihe  »|>lit-ring  comtiitilJilor 
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shown  (liagniminaiically  in  l-'ig.  104,  anti  in  section,  with 

(lie  slitlinj;  bniffhc*.  in  Kig.  105.     A  tlwrt  piece  of  liraw  or 

copper  lube  nf  convenient  diameter  is  oil  into  two  iKinn 
A  and  II  parallel  (o  it^  axis,  uxl  iheM  two 
parts  are  scpftrnted  n  little  way  and  fwvd  10 
.111  insulating  huh  //  which  iiim?  on  the 
axle  X  on  which  the  loop  h  awunied.  The 
endt  j4'  and  n'  of  the  loop  are  }oine(l  to  the 
two  parts  yj  and  a  of  the  sipUt  tuljc,  and 
the  ^xcd  )>iUKhes  Jf  and  ^  aie  so  adjusted 
that  ihoy  slide  from  one  section  of  the  tiil)C 
to  the  otticr  when  the  plane  of  the  too(>  ix 
vcriiijl.  that  is  just  when  the  E-M.F.  is 
Thus  the  cuncnt  in  any  outc-r  circuit  joined 

permanently    to  It  and  />    a  continuously  in  the   nmc 

direction.     But  with  a  single  loop  such  a  current  would  l>e 

very  unsteady,  as  it  would  fall  lo  zero  and  rise  to  a  maxi. 

mtim  twice  in  each  revolution  of  the  ]oo|J. 

Another  simple  cajic  is  of  importance.     Instead  of  a 

loop  rotating  in   the  magnetic  field  let  a  ring  of  iron  / 

(Fig.  106)  Ik  rotated,   and  on   this 

ring  let  a  few  turns  of  a  small  coil  be 

wound  and   its  ends  l>roti}thi  down 

to  a  to'o-part   eommutator    on   the 

•xis   of  rotation.     The   position   of 

the  magnet-poles  is  the  same  as  iKforc, 

mkI  may  l>e  seen  in  Fig.  101.    The 

lines  of  foroe  of  the  field  will  be  drawn 

through  the   iron  ring  as  they  pass 

from   potc  to  pole,  Init  the  general 

relnlton  lo  ihetn   of  ihe  ring  in    its 

diAcreni  positions  will  be  mudi  the 

same  as  in  the  loop.    At  the  top  ihe  coil  embraces  « 

maximum  number  of  the  lines  biit  is  not  cnitiny    ' 

E.M.F.  in  it  is  therefore  kkk     When  at  the  :  1 
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end  ol  llic  h()ri«>i)la)  <tinTiietcr  no  lines  jtasi  ilirou^lt 
tltf  coil,  but  it  is  tuitirig  iticni  imwl  r.ipidly.  and  ihc  K  M.K. 
■is a  mnxintum  At  ihc  liotlom  tltc  cjse  is  simibi  In  th« 
top,  but  the  K.M.F.  i%  oboui  u>  ctiange  orcr  the  other  way, 
Ffom  ihe  l)onom  m  the  to]!  the  F-M.F,  it  rcvi-rseil,  iind  tis« 
W  a  ncsiiiivc  maximum  ulicn  llic  i-oil  is  at  the  leflhand  end 
of  tlic  hi)n)rottt.il  diaindcT.  If,  iltcrcforc.  tlic  ends  of  this 
coil  JiTc  }niDcd  in  an  oiilcr  circuit  through  thff  iwi^pait  com- 
miiUl<>t  :inil  kirdtnt;  bniilics  as  Itefbre,  this  circuit  will  receive 
a  rontiniioiii  tiut  unsteady  cturent. 

'Picae  simple  ca^-s  have  been  dealt  with  in  fjcM  detail, 
because  a  dear  undcrsLinding  of  thctn  vill  enable  our  readers 
to  grasp  with  lilllc  diltieulty  the  more  com[>1icati.-d  cases  uf 
nagnclo-ekclrii-  inducti'in  whHi  occut  in  aciunl  dynamos. 

1.eavin);  fur  a  lime  Ihc  case  of  alternate  niirents,  we 
shall  D0«  coDsUler  how  the  iim(ca<1y  continuous  currents 
of  the  ^mp)c  loflf>  and  the  (rtie~<'oil  ring  may  lie  made 
steadier.  We  should  first  explain,  however,  that  the  |iait  of 
t!»e  iiuchinc  in  which  coitrcnts  arc  generated  by  induction 
is  called  the  armafwY,  a  name  which  was  originally  applied 
to  Ihc  keeper*  or  {itecex  of  soft  iron  joining  the  pol«  of 
horse*lvoepcnnanent  niafinelH(p.ige  158).  As /r/a/rVv  motion 
«r  tl»e  magnetic  field  and  the  amiaiure  coils  is  all  that 
is  needed  to  induce  currents  in  the  latter,  the  armature  is 
not  alwaj-s  the  moving  |iart  of  a  dynamo.  Sonidimes, 
especially  in  altemnieeurrent  itiadiines.  the  armature  is 
slattoairy  and  ihe  field  magnet  is  rotated.  It  is  a  matter 
10  be  decided  by  mechanical  convenience. 

There  arc  scs-era!  type*  of  armatures  for  continuous- 
current  roatbines,  Irtil  those  built  on  the  model  of  the  two 
«niple  cases  just  considered  arc  most  frctguently  met  with. 
They  are  allied  drum  armalurtt  and  ring  armalunt  re- 
spectively.    We  t.i!£c  the  latter  firrt. 

Ring  Armatures.  ~\r">i/i.  107  leptescnts  diagrainmaiie.ally 
the  co»neaioii&  of  a  Gramme-ring   aiKl  iu  commuiaior. 
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The  ring  consists  of  a  ccniMt  core  Ixiili  up  of  iro«  wtr« 
varnitlicd  m)  that  ihey  arc  clccliknlly  innilatcd  froin  one 
nnoilicr.  litis  core  fs  then  continuously  overwound  with . 
ltuuUie«l  coi>pcr  wir(>,  which  forms  a  sin|>lc  closcdcnil  over- 
lying  Ihc  whole  »(  the  coic.  In  V't^.  107  this  «i(>)in  con- 
dtictiir  is  for  rlutncM  rciircscnied  as  sq>.initcd  into  cigtii 
diMinrl  roilH,  Iml  it  shotild  Ite  mxircil  ih-it  ihcw  eijil.i  ore 
so  Joined  lUKi-ther  as  to  form  one  co«linu(iui>  clo»cd  cinruit, 
nil  ihi-  Kiiirnls  of  whidi  |ki«s  in  iIk  same  way  round  iIk-  Hrk- 
'I'lic  eight  jiinnions  of  iIh-  M:[hitJU'  coilti  arc  connected  tiy 
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copper  wires  to  the  eight  conducting  4lri|>s  of  ih«-  eight-part 
split  IuIk  commuUtor.  which  for  t)te  present  tiuy  lie 
regarded  n«  the  two  part  ronimui.itor  already  dcserilKKl  still 
funhcT  dtndod,  and  mounted  .ik  before  on  nn  insulnting 
hull.     The  brushes  arc  al»o  shou-n  in  the  figure. 

For  simplicitj'  siip]M»c  the  outer  circuit  to  l>c  a  cIom-cI  onr, 
and  Ihni  Ihi;  imliicvd  K..M.K.'«givc  rise  to  the  eorrespotul- 
ing  cunents ;  also  tliat  the  direction  of  rol.-ilion  U  clockwise. 
Coil  No.  I  is  p.issin{;  from  a  jjositiun  in  which  ii  encloses  a 
maximum  of  the  lines,  and  the  lines  Ihrou^i  it  are  dc- 
Ctensing  :  as  seen  from  N  it  will  have  n  clockwise  current 
inducetl  in  il,  for  xuch  a  current  would  lend  to  restore  the 
departing  Iiacs  aceotding   to   tht  corliscrcw  rule.      This 
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wotild  flifw  from  iIm:  iiMidt;  lu  the  (viilsidi;  of  llie 

>n  till.-  nvAT  wires  nnd  suclt  ;i  rlow  ix  icidi'att-il  liy  the 

v-hcadh      No.  a  coil  vriil  lie  afTcclcd  siinilnrly,  )»il  ihc 

Mnduccd  K.M.K's  will  Iw  grcttk-r,  ns  it  is  citlting  tines  more 

Lnpidly.     Nu.  3  c<>it  \\m  |>iumk]  t)ie  minimum  jiiiMiion,  and 

vruliDkintt  more  .iiid  more  line^  (>f  rnri-e  lu  it  rotate!!- 

Sc«n  rronti  N  tlw  currents  in  it  will  bi:  counter  cluck wiac, 

lit  in  the  near  wires  this  still  iiH-ains  a  ciirrcni  which  is 

radinll)'  from  inside  In  mit.sidc.     Ni>.  4  coil  ttchnves  sinii 

Urly,  Init  with  weaker  MM.F.'s,     In  coil  Noi  5,  which  is 

f  lD»ing  lines  of  force,  the  currents  should  be  cloclcwiKc,  as 

^Mcn  Trotn  N,  and  therefore  tadintly  from  oulsidc  to  inside 

on  ttic  near  wires.     Similarly  examining  coils  6,  7.  and  8 

l«cp:irately,  it  will  lie  found  that  the  etirrcnts  in  (hem  are  all 

'from  outude  to  inside  in  the  near  wirei.     The  rwuli  of  all 

these  actions  is  that  all  the  currents  on  the  right-hand  side 

of  the  ring  are  (lowing  iijivrards  towards  the  junrtion  ir.nnd 

aw-ay  from  the  jiinetion  ^,  and  all  those  on  the  left-hand 

side  are  also  flonin);  upu.-irds  towards  e  an<l  away  from  d. 

From  symmetry  the  t!.M.l-'.'i  on  the  two  sides  should  be 

cjLial,  and  therefore,  if  no  external  path  is  provided  for  the 

teiirtcnls,  these  F.,M.F.'s  will  cancel  one  another,   and  no 

'current  will   flow,  although  the  wires  of  the  rinj;  form  a 

clused  circuit ;  Ihii  ihc  point  (  will  be  at  a  hif^hcr  potential 

than  the  point  d.     If  nnir  the  jurKtions  i-  and  d  be  joined 

by  a  conducting  circuit  l)itou|<h  the  commutator  segments, 

ind  the  sliding  brushes,  the  currents  from   lioih  sides  of 

'(he  ring  will  combine  to  flow  through  Ibis  outer  circuit, 

in  which  a  continuous  current  will  lie  maintained  as  long 

as  the  rotation  of  the  ring  is  kept  up.     'Ibis  current  will 

also   \)C  mu<:h   steadier  than   when  only  a  single  coil   Is 

used,  for  in  every  ]>oisiiion  of  the  ring  there  arc  ooIIk  on  the 

right  and  left,  in  which  considerable  E.M.F.'$  arc  Iwtng 

induced.     As  each  coil  passes  across  the  positions  of  rxto 

induction,  or  n«uiral  (msitions,  at  A  and  B  it  is  transferred 
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froni  one  side  to  ihc  other  of  the  ring  at  the  moment  Hi 
induced  E.M.F.  diangcs,  thus  the  effect  of  its  chMge  tipon 
the  total  aviiib1>le  K.M.I'.  is  partly  smuolhi-d  out.  Also  the 
changes  in  the  induced  F-^M.l'.'t  of  the  other  coiIn,  ns  ■ 
brudi  slkli.'^  3i:ro»  one  (-on^tniitalor  Kcgmcnl,  are  not  very 
(Crcat.  Cnlnitalion  &hows  that  when  the  rin^t  is  diviilH 
into  eight  segmcnis,  as  in  the  rit;itre,  Ihc  6actu.itio4i  is  nnly 
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3'8  per  cent,  of  the  maximum  vakie,  anil  If  the  number 
of  segments  and  of  corresponding  comniut^toT  bars  I>c 
incrcniscd  to  40,  the  Rucluation  is  only  0*14  per  ceitt^  or 
less  ihnn  1}  |kirts  in  1,000. 

JDnun  Armatnra. — The  simple  luo)>  of  Fig.  106  can 
abo  !«  built  tip  into  an  amiature  which  will  jpt-e  a  steady 
continuous  cuncnt  by  longitiidinally  winding  an  insulated 
wire  in  continuous  loops  upon  a  Iwlloir  dnini  or  cjrlinder  of 
iron. '  Tl>e  method  of  doinj;  this  i*  partly  shown  in  I''ij>. 
108,  which  represents  the  Siemens  Dram  ^Vrmalure  [UTtly 


Drum  ^SMATUKes. 

vrouild.  ()i>ty  OIK  coil,  ron^istihg  of  eight  loops,  h  shown 
in  position  with  its  two  L-nth  joined  to  two  conscciitivi; 
Inn  of  the  i6-|iiut  rommutalor.  The  next  noil  might 
be  wmtnd  in  the  £pace  marked  out  liy  the  next  ^oi  of 
wediics  at  lh«  txircmiucs  of  the  drum,  une  cml  lieing 
soldcr<.Hl  to  the  radial  tur  ^  and  ihc  other  to  a  bar  coiiiiccted 
wHh  the  next  Migmcnl  of  Ihc  com  in  mat  or.  'Iben  a  third 
roil  could  lie  wound  in  the  next  ^lar*,  ami  so  on,  until  the 
whole  sixti'tti  ciiiU  were  in  {xisilion-  'I'here  will  then  lie  two 
coils  Ixrrwt-en  each  set  of  wctlgcs.  As  a  matter  of  fact,  to 
k»en  the  danger  of  the  tneakvlown  of  the  insuUtioi),  the 
coila  are  wound  on  in  a  Mlightty  ilifTerent  onlcr,  though 
Olhentiac  the  final  result  is  the  same.  Alter  the  rinl  coil  is 
Kound  on,  the  amiaiurc  i;  turned  coin]iletely  over,  and 
what  may  be  called  No.  9  coil  is  wound  on  top  of  it,  and 
eventually  connecietl  to  its  proper  001  it  in  11  Lit  or  Hegincnts. 
Then  No.  2  coil  is  wound  on  and  followcil  by  No.  10  eoil 
wound  on  top  of  it;  and  so  on.  till  the  whole  sixteen  coils 
are  in  position.  Also  the  commutator  is  not  slipped  on  to 
the  axle  until  all  the  coilw  are  wound.  It  is  then  put  in  its 
place  and  the  nceessarj-  junctions  made. 

When  such  an  armature  is  placc<I  in  the  field  Iwtwcen  two 
naignct-polcs,  a  sctgucnce  of  inductions  takes  pbcc  simiLir  to 
Uui  we  have  described  in  detail  when  considering  ring  arma- 
tures. One  half  of  the  coils  send*  a  current  |Kwt  one  side 
of  the  commutator  towards  one  bni^h,  and  tlie  other  half 
sends  an  etiual  current  past  the  other 'side  10  the  tame 
brash ;  these  currents  tmile  to  flow  round  the  outer  circuit 
10  the  other  )>r\ish. 

One  inconvenience  in  the  winding  of  drum  armatures 
is  the  lynching  up  of  the  wir^s  at  the  two  emb  of  the  drum 
where  ihcy  overlay  one  another.  Many  ingenious  devices 
have  l>cen  patented  for  nvmding  this  difficulty. 

J'oit  AimalHrtf. — Instead  of  hciog  wound  with  the 
planes  of   tlieir  coils  pcrpcndicubr  to  the  direction  of 
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inoiion,  tlicnc  \Aana  mny  be  iKirallcl,  a*  sltown  (liagram- 
nMlkally  in  FIk.  109.  Such  ann.ttures  arc  catl«il  /v<{r  arma 
liirt-^  but  Asc  no(  m\ic\\  uumI  in  continuoiiSH^^titrcni 
niRchincs.  When  ihc  radial  polct  of  ibc  arrnaliirc  arc 
hori/otilul,  tliL-voih  suiroumhng  ihvnt  enclone  a  ninximum 
ntiinlicr  ol'  ihe  lines  of  fcHcc,  and  tliv  in<iua!il  E.M.K  in 
ilitm  ii)  lexo.  When  the  |iol«s  ate  vcnical.  no  liitcH  of  Toice 
jians  ihrough  llic  coils,  but  ihc  mtc  of  culling,  and  ihc'rcforc 
tlti:  B.M.F.,  is  a  mnximiim.  following  out  ibc  rcijoning 
nplilied  10  l-'if;.  10;,  it  will  1>e  .wt'ti  that  th«  bntftbn  »liould 
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be  pl^ix-d  nl  ihc  end*  of  3  boritonial  dinmctcr  instcnd  of  the 
cndt  uf  a  vcrlic^I  one  ax  in  ihr  too  |>rovii)iis  atf^ct, 

Ditt  /Iruhi/urtt.- -TbcK  annatures  are  Imitt  ii)>on  a 
principle  ftKt  employed  by  Faraday,  who,  in  llm  ]uiitictibr 
expctimtcnt,  ma  the  inventor  oik]  conslructor  of  tlie  fmt 
dynnmo  machine-  'I'bc  spcct.1l  adt-antagc  of  sucb  an 
nnnaturc  is  tlial  it  givct  a  coniinimus  current  of  electricity 
Hfithout  tb«  use  of  a  commutator.  'I'hc  ajipanitus  is  similar 
to  that  (Fi^.  99)  lucd  siibi^iuenlly  bj-  Fuuaialt  to  nIiow 
the  exittlence  of  '"  eddy  cuircnis."  A  copfier  dis<*  is  totaled 
(Kig.  tio)  between  the  poles  ff  «  of  a  magnet  which,  in 
some  of  Faraday's  cxperinvcnl);  was  a  permanent  magnet,  in 
othen  an  elect ro-nvagnei.    Collecting;  springs  of  copper  or 
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lettil  slide  iijimi  (Ik*  tin-umrcn-ncv  and  the  axis  \>{  ihc  iliitc, 
»  ithuirii  in  llw  dvl.-ithixl  tigtiu-  nii  the  lefl.  ^\'l)l;ll  llic 
disc  is  routcil  in  a  clocltAinc  ilireclioii,  mdiul  airaenls 
flow  in  it  rftKn  ilw  axis  luw^udii  the  circumfcrcDcc,  snd  id 
the  outer  circuit  rio<i)  llic  slider  <*,  lo  (he  slider  i^.. 
Thii  artitm  w  in  ncconljnco  with  the  tuU.»  already 
given,  Tof  a»  «di  wrtic^l  radius  cuu  acrou  the  |>oI<:k,  its 
motion  will  tend  to  increoM;  tlte  lines  of  force  in  the  circuit 


of  which  it  tempunttily  fonns  a  [urt ;  hence  the  production 
of  the  abuve-numcd  turrenl^ 

TIk  consiniction  of  large  machines  of  this  type  has  not 
met  with  .1  -{real  measure  of  success,  as  there  arc  K^tiral 
5crioU£  pcactic.il  dithculties  in  the  way.  The  chief  are  the 
McUon  of  the  ctrcumfeiential  hriish,  and  tlie  iwoduction  of 
wasteful  "eddy  currentH  "  in  the  revolving  disc  even  when 
Ml  it  radial])'. 

The  four  classes  of  armatures  just  dcstiiibcd  arc  all 
adapted  lo  give  continuous  01  unidirectional  currents  in  the 
attached  vxlenul  circuit.  Thcw  armatures  ihi  not  exhaust 
all  the  >iirictics  that  have  Iwcn  devised  for  the  purpose,  hut 
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they  arc  suflicicnl  to  indicate  tlic  principles  invo1vi.-<J.  In 
KMtnc  forms  the  dilTcrcnt  coils  atv  not  jwncd  in  a  con- 
linuoiii  imuit,  liut  have  Ihctr  cnd«  broujjht  to  {urls  ol 
sjiL-tially  consinictcd  vuminuiuKiro,  on  whtdi  llKtr  cum-nis 
arc  combined  by  prolixly  placed  brushes. 

AHtmatt      Currtnt     Armaluni. — In     snoilu-r      latgc 
dotf  of  inadiiiK-H  no  attempt  is  mad«  tu  "coniiiuiie''or 
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"reciify"  the  altt:tnatc  currents  which  ne  luive  seen  (page 
)9i)  must  always  be  induced  in  the  aimalurc  coils. 
These  i-\inents  ar<:  delivered  into  thv  outer  circuit  in  the 
fotiii  in  u'hich  thej'  are  jtenemted,  namely,  as  nlltrmitt 
iurrtHls.  li  the  aim.ittirc  bt:  I'l.ved,  it  can  he  Joined  pcr- 
iDanently  to  the  outer  circuit  through  appropriate  smiiches ; 
hul  if  it  Ih:  lite  moving  p<irt  of  the  dynamo,  (hi-  connection 
iKtween  it  and  tlve  G\cd  external  ciiiniit  miu;  evidently  l.>c 
made  liy  sliding  contacts  of  some  kind. 


AtTERyATE    CUSKBXT  AMMATfUKS.  JO7 

Ucsides  the  absence  of  the  oomniiitatgr,  ihcrc  is  another 
marked,  but  not  theoretkally  cxtcntiiil,  (lilTcuMicc  between 
coniinuouB  and  alternate  current  dynaimn,  in  the  shape  of 
the  field' inaj^net;;.  'I'he  field-nia^ncts  of  continuous  current 
niaelitnes  are  most  fte'liiently  twoi>ole  or  four  iiole  magneW, 
whereas  iJiose  of  alletnate  ounent  niauhiiies  ace  usual!)' 
Ill  utti  polar. 

Fig.  1 1 1  shows  dugranimatioilly  the  arrangement  officld- 
niJ);nelx  and  arnuiiiie  coils  ndui'led  in  many  .iltcn»tc  current 
dynanxu.  The  rieldinajjin-irs  jV  S,  S  J\'.  \c.,  are  .siiii|>lc 
solenoids  with  irun  cores  hulml  to  iron  fianies  and  facing; 
Qiie  Aitothcr  with  opposite  putcs;  the  lines  of  force  will 
therefore  run  Htaight  across  the  gap  from  ^V  to  5  in  each 
case,  Al»o  the  lines  hclwei:ii  nllefn;itc  p.iirs  of  poles  run 
in  opiwsitc  directions.  The  ariiuture  coils,  >,  z,  3,  tie, 
pass  between  these  jiolcs  in  the  direction  shown  by  the 
doited  arrow.  Thus  coil  i  is  just  leaving  a  UM  in  which 
the  lines  run  from  liack  to  front ;  coil  1  is  Icitiiig  a  field  in 
which  they  run  Irom  front  to  luck ;  coil  i  one  in  which  they 
run  (ioni  back  to  front,  nnd  so  on,  alternately  round  the 
armature.  These  coiU  have,  therefore,  at  the  inM^ml  con- 
sidcred.altciTUitely  counter-clockwise,  and  clockwise  ]-;.M.I-.'s 
sei  up  in  tiwiD,  as  shown  by  the  dark  arrows;  but 
by  winding  alternate  coiU  in  opposite  directions,  as  in 
the  figure,  all  titese  l^M.l'.'s  will  tend  to  drive  currents 
round  the  arinnture  in  the  same  direction.  The  meiliod 
of  joining  these  coils  lo  the  collecting  rings,  as  they 
■ire  called,  a  delineated  in  I-'ig.  iii,  in  which  the 
field -magite IS  are  removed.  T1te  connecting  wirt.'^  are 
brought  alone  the  a\)e  of  the  rotating  amiaitire,  and  are 
resiKciJvely  joined  to  ilic  two  rings  on  which  the  brushes 
slide. 

Retuniing  to  Kig.  111,  when  eoti  t  ha!>  advanced  lo  the 
poactioo  of  coil  1,  coil  1  to  that  of  coil  3,  and  so  forth,  the 
<  urrent  will  tie  in  the  opposite  direction  round  the  armature 
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and  in  iltc  caiernftl  circuit,  ihe  ciuiific;  occurring  when  the 
revolving  coils  are  directly  t>ctwi;<;n  llic  potw. 

In  other  dynamos  of  this  ty|M:  the  armature  coils  af 
fixcid,  nnil  the  field-mn^iet  pote«  ar«  rotated  [Kut  them,  thai 
in<3ucinK  alternate  ciirrcnis. 

Ill  another  roim  of  altenult>currcnl  dynamo  the  arma- 
tute  coils  ate  disposi-d  with  their  axes  ndiul,  as  in  V\%.  109, 
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and  are  rtjroivcd  past  ihc  poles  of  a  multipolar  ricM-tnagncl. 
Ttiesi-  and  (ithtrs  will  be  dcM:nl>cd  fully  fdrlhcr  on. 

Ihe  Field-M&glietS.     I'rom  the  nrmaturt.-  we  \as» 
Ihc  other  iniponani  part  nf  the  OynanKi-inaehiiie,  itamelf 
Ow  fitiJmagiMt.      The  (unction  u(  this  jian  of  the  iiiachhi 
is  to   produce  the  tna^ctic  Aeld,  n'hii:h  causct   induce 
IC-M.l-'.'s  and  cummt-i  in  the  armature  ooils  on  nccotmi  of 
the  tela  live  motion. 

The  lield-nugncts  may  beciiher  pcrruancnt  steel  magne 


jytJt  Ftm.D-Af.iGSfirs, 


309 


tran   etcctromagnels,   Init    in    all    Ijrgc    modem 

the  Iflilcr  arc  tisoi),  tKcuitNU  of  the  greater  nng- 

ibilily  of  toft  iron  comfired  with  tteel  (ur  page  153). 

The  tltudraiiUf^  at  «Iectr(>'tiiagiicts  U    that   iltey    lose 

ejuly  all  llieir  iiuiKDetisiu  when  iIk-  currcnl  U  Mo|)[k»1  ;  it 

therefore  ncccwary  to  maintain  on  <\(iling  turitHi,  lu  it 

rJtkd,  in   their  iinilic,  niul  tliix   rcijuiri»  a  cuntinuous 

ii|iciiiliiiire  oJ'  t:ncr);y  cnuweil  by  llic  htiUing  cITcci  of  the 

"ctirrcni  <»n  the  wires  conveying  it.     Ii  should  Ijc  carefully 

noted  Ihjl  the  energy  is  not  u$e<l  up  in  iiininlaining  the 

Wt  nitgnettnn,'*  but  tlut  ilK  div(i|>aiioii  it  dut;  to  Uic  tiatrk 

^H||M>nce  of  the  wires.     1'he  utme  •tmauNt  of  htal  would 

^HHvoduced,  and  the  same  expenditure  of  energy  required, 

if  the  sainc  carrooi  were  sent  through  the  same  wires  coiled 

^^0  as  to  give  no  resultant  magnetic  cTect. 

^B     In  large  cleclro-magncis  the  energy  expended  in  iiuiu- 

Uining  the  c:*; citing  current 

is    siifBHcnity     large    to 

make  its  re<luciion    10    a 

minimum    a    matter     of 

practical  importance.    ^Ve 

itu«i,  (herefnTe,todiM|>ost' 

ur    cujipcr     conductors 

and   iron   cores,    &c,  as 

III)  prixlure,  where  it  i» 
panted,  the  stion^ett  (Kts- 
kil>1e  r'teld  with  the  least 
expenditure  of  cxiriiiilion 

energy.     One  of  the  greatest  diftcrences   between  recent 
dynaniot  and  (hose  built  six  or  sc\xn  years  ago  is  in  this 
^^reetion. 

^H   The  difference  bctirrecn  a  well  and  a  badly  designed  fivtd- 

^Rnngnct  will  l>e  readily  api>reci.-itcd  by  com|)3iing  1  and  2  of 

frig.  113.    Tlic  thick  bUik  parts  of  both  figures  represent 

the  iron  portions  of  the  field-magnets  <>f  dynnmos.    In  1 
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the  magn«tic  circuit  (or  paih  for  ilic  magnetic  tiiMft> 
III) necessarily  long  and  the  nan  is  thin  nitd  insuftioient  in 
quantity.  In  2  ttie  magnetic  ciicuit  is  short,  am)  cooinim 
»n  ample  sup[])y  of  iron  to  convey  (he  magnetic  lino.  In 
both  ligureft  the  positiont  of  the  excilinjt  cojls  arc  shewn  in 
tcrtion  Ity  dou  ranged  iiloiigiiidv  llw  enclosed  iron. 

In  well-deu)ined  elctrtro-magnets  the  relui:tan(^c  of  tlw 
nut;netic  circuit  should  l>c  as  small   as  possible,  and 
cxriting  coils  should  bu  so  placcil  as  to  give  the  reijul 
magnetomotive  force  with  the  Icatl  posviblc  pToduciiun 
wasteful  heat.     In  order  that  lite  reluctance  of  the  roajpiei 
circuit  should  he  small,  we  must  choose  the  material 
fully,  and  also  dispose  of  it  to  the  IksI  ad\-aniage.     The 
following  simple  iiiWindiaiieiheconsidenilions  involved: — 


(0 


(») 


I 


<■») 


'I1ie  iron  part  of  the  circuit  should  consist 
nuterial  of  high  m.tgnetie  permeability,  such 
well>aiinealcd  soft  wrought  iron. 

The  cross-section  of  the  iron  perpendicular  to  the 
direction  of  the  magnetic  lines  should  be  ampk. 
so  tlut  the  number  of  Itnex  ]>er  unit  area 
not  be  too  great. ' 
(3)  'llic  length  of  the  cirruit  in  the  dircctioti  of  tii?^ 
linc^  siKiuld  In:  as  short  as  possible. 

Any  nec-essary  air-gap  should  l>e  raa<lc  as  narrow 
as  possible  in  the  direction  of  the  line*.  1'he 
tncchani4.al  joints  in  the  iron  should  be  no  more 
than  the  cofiditioiu  of  economical  manufacture 
render  ncccuary,  aiK)  the  surfaces  of  t-aih  ;<>ii 
should  be  c«refully  6tted  tc^ethcr. 

Hut  in  addition  to  keeping  tlic  magnetic  reluctance  I 
we  Itave  to  remcmlicr  that  the  cncrg}'  used  tip  in  va^e 
heal  should  not  be  more  than  is  absolutely  nccessar}-.     No 

•  Niuncikftl  Am.  mn  t\nn  tn  I>irl  II.,  (.'Inp.  Vlll. 
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^crl  ol'  tlir  cleilik  circiiil  U  to  |>r<«tiicc  a  magitclii' 
motive  f'ni-v  siifliricnl  to  mvcfcoiik  t)l«  rtliicUnCi.'  vl'  llic 
Bugnctic  crrcuil  and  cjiusc  a  ccnain  du\  of  magnetic  lines 
it  The  nu^iivtiiniotivc  Turcc  is  proportional  to  ihc 
ct  of  ilic  ciitTcni  and  the  number  of  times  it  is  linkt:(l 
ait);h  the  mj^'nclic  circiiii,  or  to  put  it  &liorily,',tl  tx  propor- 
liuoal  to  the  ainpvrc-tuni^  \  it  is  independent  or  the  electric 
mimnce  of  th«  cuttfivr.  Uul  ihc  waste  heat  is  dirokily 
pro5)ortlonal  In  tliis  latter  resistance,  which  ix  increaKed  by 
incieasJnf;  the  tcon'''  "f  ''le  lopper  tircuit.  Thus  a  larj^e 
loop  givci  IIS  no  niofc  magnetomotive  force  th^n  a  Rmnll 
one,  l»ut  with  tlw  nainv  current  and  pi\\%K  of  copper  irirc 
wastes  nxire  cnctKy  in  heat.  \Vc  should,  therefore,  keep 
the  coils  as  close  as  [>06.iihlc  10  the  iion.  and  not  coil  thciu 
u|i  in  iiMiny  Uyers  ;  to  do  this  and  also  get  on  the  requisite 
Biunber  of  coils  would  Te()uire  a  ton^c  length  of  iron,  which,  in 
order  that  the  loops  should  be  *n>all,  should  not  have  3  great 
ctoss-scction.  Both  these  comliltonsarc  ant.igonistk  to  rules 
(})  and  (5)  given  .ilwve,  and  therefore  tlic  final  design  must 
be  a  compromise,  in  which  the  conflicting  eondiiions  are  ho 
liilanred  as  to  give  the  best  ailainahle  result.  As  regards 
the  shape  of  ihc  cross-sociion  of  the  iron  where  the  coil's 
are  wound,  one  rcn»rk  may  l>c  made:  ilie  circle  being  the 
geoRictiical  figure  ihai  eneloftcs  die  gre-ntcst  area  for  a  given 
imetcr,  the  cores  of  the  cmis  should  lie  of  circular  section, 
■as  nearly  approaching  thereto  as  mechani<;il  coniidera- 
lions  permit 

We  »hall  now  iUnsiratc  the  above  remarks  with  a  few 
examples  of  the  field-magnctt  of  modi-rn  dynamo  machines. 
The  fact  that  the  conditiont  for  good  design  are  fairly 
nmplc  ho-t  led  to  an  almost  infinite  v.iriety  of  modifications 
in  detail,  ftwm  which,  of  course,  wc  can  only  select  some  of  the 
most  lypkal  cases.  In  our  rcmnrk*  on  amiatutm  we  luve 
been  tacitly  referring  to  a  Urge  but  by  no  means  exclusive 
type  of  field  niagneiH,  namely,  those  possessing  only  iwo- 
o  3 
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poles.  No.  2  of  Fig.  iijamlNoH.  1  to4ijf  (Iteaocomiuuiyii 
figure  (114)  illostralc  widely  used  I]r|>e6  of  these  iwo-r 
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HuchbM.     In  .-ill  tlwtte  ligurcs  the  iron  of  tlic  fidd-ma 
is  diown  in  black  and  t)iat  of  (he  amixUirc  in  light  shadir 
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L^hUit  the  position  of  the  magnetising  coits  !s  shown  by  dots 
^Bd  cilltd  »i<Ie  o(  the  cores.  Ntx  2.  V\^.  113,  and  Nos.  1 
^Bti'l  2,  Fi^  1 1 4,  .IK-  nuichiiiei  with  j/it</<-  iii>{(iietic  circuits ; 
^n  uihcT  word<i  the  lincR  of  it).i|;neii<r  ihix  lluw  in  one  {{cneial 
^■ireelion  throU(;h  the  troii  of  the  rwld-niagncts.  In  Nos.  3 
anil  4,  howi-vcr,  there  nie  (wt  general  paths  fur  the  nuiK"^ti(= 
Illicit  in  the  iron  \A  the  li<:ld  m.ijt'iel.i.    In  Inith  i-.ixc»  ihe  lines 

»Btn  Im  .iHsumed  as  InLvelling  vcitically  diimnwards  llirougti 
Ifac  Jtniaiuie,  then  deviating  10  the  right  and  left  lo  the  vcrtiml 
■ide  cores  ui  yokes  which  ihey  iist-end.  ami  again  Inroiiit; 
inward*,  re  unite  in  the  polciiitti-  atiove  the  iirinntiiie. 
^^      'llie  other  three  <liagiai>]s  of  l-'ig.  1 1 4  rei«rciei»t  mullip<*lar 
^kuchincs^     In  Nos.  6  aivd  6  the  poles  are  tumcd  inw^iTds 
^HDwardd  the  rolniirtg  Aimature  and  the  ewitirj;  loiU   are 
tniund  on  thcni.    These  iioivs  aic  alternately  N  uiid  S ;  the 
nui^olic  lines,  eme^ing  from  one  of  the  N  poles,  enter  th« 

Hiiun  of  the  annaiure  and  divide  right  and  kt'l,  Invellinji; 
kiTough   the   iron  till  the>'   reach    the  adjancni  S   pi>le», 
which  they  enter  and  complete  ihc  niiignetk  circuit  ihrou^h 
die  yoke  at  the  l»ek.     In  No.  7  the  fid 1 1  magnet,  a  foiir-pok 
one,  isver>-coinpacl,  and  lies/Aiu/if  the  armature  u'hicli  rotates 
L^Dund  it.      1'his  iii  a  form  con&tiuctcd  l>y  Messr>,  Siemens 
^l^nd   Halske,  and  illuslmtes  in  n  striking  manner  the  great 
"     adaputnlity    uf   the  simple  piinciples  involved  in  dyiurao 

(itsiniction  to  variations  in  details. 
TmV,  SttM'-ExClTINC   PRlNCIi-I.K. 
The  earlier  dynamo  machinnt  in  the  majority  of  uses 
;d  permanent  in:i^nets  to  set  up  (lie  field  in  whith  the 
nalutv  rei'olved  :  but  permanent  magnets  are  not  nearly 
v>  powerful  a«  ctcctro  mag  nets  of  the  same  siw,  and  thcre- 
fwe,  in  order  to  pnKtuce  thg  same  outptit  of  electric  enciigjf, 
l^lbc  machinia  l»ad  to  Iw  very  much  larger  and  heavier.     In 
^■Dmc  caHes  electromagnets  were  used,  but  these  were  cner- 
l^^jijcd  by  cunenl*  (torn  w:|Kinile  curtenl  Keiteralors,  which 
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were  loinciiines  Imi^riefl  and  Nonielimes  amallcr  dyoatna 
machinn  wiih  peri»Bii«nt  iHagneU. 

lilt!  great  adtMiicc  in  the  dcvdopmrnts  uT  dynamo- 
clcdric  machiiHTy  during  the  la.si  tislcen  je.irx  han  I>c<,i>  due 
in  lnri;i-  innuture  to  die  disoovery  lliat  the  ma^Aine  itseij  tan 
/t  niM  ufiiM  ft'  mp^y  f^K  fX(Hi«s  (urrtml  It  Hi  imm  fidd- 
max'trtt.  Wc  haw  already  (page  155)  rtfcrrfl  to  the  fact 
lli.i(  cvcil  the  Koftcil  and  inagoelicntly  best  WMu^ht-tron 
rciaintt  loHK  trace  of  nwijjnclUalion  when  withdrawn  frocii 
the  niaKneliaJng  licld  ur  wUvn  tl»e  nugncltMni;  Tield  is 
M)|i[ireNM;d  \ty  (lie  ccMati<>n  of  Uiv  current  nliieh  t;ivc3  riw 
III  it-  Whiti  n  true  of  a  mere  )inr  M  iron,  which  when 
ii)ii|in«iiM:d  hsi  lu  comiilctc  iu  magnetic  eircuit  lhuiu(;h 
lh«  f^f,  Ih  >tiil  more  true  in  such  magnetic  ciniiits  as  we 
hnvc  \vM  Iwen  rouMclering  in  the  cane  of  the  field  tnagnctK 
of  dynamo  machines.  Indeed,  it  may  be  enunciated  as  a 
{{vncral  prtnetiile  Ibai,  provided  no  <:han^e  is  maile  in  the 
<|iinlJt)-  of  tlie  iron,  fht  Mler  tkt  Jorm  of  Ike  magnetk 
rinuil  Iht  grealtr  it  the  fvrmanent  mogHttisntion  it  can 
rrlaiH.  l-*ven  in  a  b.-idly  dc^i)^)c.-d  dynamo  it  U  fwind  that 
lht.-re  U  al«a)t>  sudkicnl  rtsidual  mannrHtm,  aa  it  ts  called, 
io  Htart  the  Jiciion,  vfhich  is  usually  described  Minmhat 
a»  fotlowK.  'llii-  R-iiidual  magnetism  of  the  fiekl-ma^iwu 
MM  up  a  weak  magnetic  field,  and  wlwn  the  armature  is 
kpun  in  this  field,  small  E-M.K's  arc  set  up  which  give  rise 
to  kmall  currents  in  the  circuits  jnovided.  'ITicse  currciiia, 
or  part  of  ihemi  being  led  ihrov^  the  coik  of  the  field- 
.  increase  the  maKnciism  of  the  field,  which  then 
e  10  grcalei  luM.l-'.'s  and  cuircnis;  the  latter  Nitll 
further  incroiHe  the  field,  giving  rise  Io  a  further  increase 
of  current,  and  m>  un,  and  ihis  actfon  and  re-actton  con- 
Unueti  accord!  nt;  to  a  kind  of  c-om|wurM)  iniereiit  law  until  the 
iion  (if  the  fichl-ma(!ncts  !■  ■   'id  and  r-i 

inerenu:  iiipiiMiltle.     Tbisn  juilluhai 

lakes  pbce,  nitli  the  exeqtlion  of  the  cansc  nuii^ii  for  the 
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cesntion  of  the  niiiliul  iiu;reai«,  which  —as  we  shall  sec  pre- 
senily — isunly  luiniiill)'  true.  At  fint  ihis  ItkildinguP Potttr 
oi  the  ti-^iliial  magnetism  was  not  very  confidently  ix-lied 
U(Km,  and  il  was  cmtomary  with  some  pcoi>lc  to  siait  the 
action  of  the  machine  l»y  first  sending  a  comparaiivcly  imail 
currcnl  from  n  }>rimary  haiti-ry  ihroitgh  the  coils  o(  ihc 
ticUl-ntagnclt.      'I'lm  i.s,  however,  qiiiie  unnecessary. 

1'he  iHTXi  point  to  ronsider  is  how  the  electrical  con- 
nct-iions  are  made  so  as  to  send  a  sufliciiiil  exciting  current 
round  the  coils  of  the  field  m.ignc In  of  ihc  machine.  I( 
iiiuol  bt:  rcHicinbered  that  the  niugiK-lomotivc  force  of  .1 
cunent  circulating  in  the  wires  of  a  solenoid  is  proportional 
to  Ihc  product  of  the  current  by  ihc  niimbtr  of  times  it 
pctsKs  round  the  axis  of  the  c«L  'I'biis,  a  weak  current 
ponin^;  many  tiroes  ruun<l  giv-eit  at  peat  a  iiiagnctoniotivc 
force  as  a  strong  current  po&sing  a  few  limes  round.  It  is 
not  surprising,  ttKrcfore,  to  lind  that  both  these  methods 
of  obtaining  the  aijubite  inagneionioiive  force  and  com- 
binations  of  ihcm  .ire  emjiloyed  in  dynamo  machines.  We 
may  disiinguiih  three  principal  classes  : — 

(>)  Series-wound  machines,  in  which  large  magnetising 
cutrcnls  arc  used 

(2)  ShODt-woand  machines,  in  which  sntali  magnetising 

currents  arc  used, 

(3)  Compound-wound  nuchincs,  in   which  the   two 

foiiner  casus  arc  combined, 

Lest  it  should  be  imagined  that  the  employment  of  weak 
currents  leads  to  a  lc»  ]>rodu<:Cion  of  wasteful  )ii:at  in  ihe 
roils  <page  III),  we  must  remind  our  readers  1  hat  with  a 
given  disposition  of  the  cotts  and  the  use  of  the  same 
volume  of  copfxr  wire,  the  heat  waited  in  maintaininjj  a 
given  magnetomotive  force  is  indc]>endcnt  of  ihe  actual 
current  uted.  SKe  fwoceed  to  dcscrilH;  Ihc  electric  con- 
nections required  in  the  abow  three  cases. 
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The  Series  Dynamo.  In  this  machine  the  wktl* 
the  (:urti;iit  whkli  [uucs  thix>ii}{h  the  outer  circtiil  is 
throtigh  the  rield-magnet  c»ilK.  The  councctioi»  fnf  duin| 
Ihb  are  tihown  diagramnuitically  in  Fif[,  115.  <')nc  of  t)w 
brutlKS  is  permanciitly  joined  to  one  end  or  the  in3);nclisir 
coil,  the  oiltei  end  of  whii:h  b  Mtldrred  to  the  \AaAa 
Mrew  whidi  Tonni  one  Icrminal  oi  ihc  machine.     '11 

other  linivh  »  pcmun 
ciitljr  conncriitl  to  the 
other  Icrminnl,  and  tl 
cntU  of  ibc  outer  circuit 
txK  made  faNt  to  the 
iwo  k'fiitinnls.  Tlu 
figiin:  showN  the  ptwi 
tivc  Inush,  i.t.,  the 
tinish  from  which  cup 
rents  flow,  joined  lo 
tite  rirtd-uiagnel  cod, 
but  whether  the  con- 
nection is  made  to  the 
|)0!>ilivc  or  ihv  ni-ga- 
live  briuJi  is  inuni 
Iciial,  for  the  turriml 
is  ttu  tame  in  aH 
f^rtt  cj  a  u'"'/ 
cintiit  such  as 
here  dcpkicd.  Tb 
arinaiiurc  is  ui|)po>cd  to  Itc  rotating  clockwiwr,  nnd 
arrows  sh^iw  the  direction  of  ilic  curTi:nl  in  the  circuit 
iiince  iIh-  whole  of  the  current  is  led  lOiuid  the  ficM 
mngnvls,  it  is  only  ni-ccNs.-uy  to  send  il  round  a  fe 
tiOKS,  but  the  ■x)i)diieling  wires  used  mtiMt  W  thick  eno 
to  rare)  ihb  cuircnl  without  Iiecomiit}: 
hot.  It  U>Dii1d  Ik-  noticed  that  no  current  ' 
main  (external)  circuit  is  closed,  and  iberefbrc,  although  tb 
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alure  vaa,y  \k  roUtintt  At  full  sjieL'ci,  ihc  t)<>t<:ntinl  diHer- 
cnc\-  4l  thk-  tctiiitnnlH  t>.  very  siitnll  until  llic  main  circuit  is 

iinplvlMl  an<l  the  nuKnciuo)  of  Ihc  mnchinc  bcf;tnfi  to 

ilil  ii|> 

The  Sbant  Dynamo.— Here  only  a  \Mi  uf  tlie  ciment 
•*iir(l  ill  ilic  arnuiture  is  alluircd  to  tinubtc  nnind  the 
ic(i«iii^  ii|itrals  <t(  ihr  field  mnj^ncis.  Heiii  Imiubcs  arc 
m6)  iieniuincnttr 

iineclctl  lu  live  (;nd> 

of     iIh.-     rK'l<]-iTi;i£»i-i 

oil,  anil  ntui   to  tlic 

tcmnlti-nninnlxKii-s 
olitu:  machine.  Ttwrc- 
foce,  when  ihc  cuircnt 
tcachvs  tlitf  )K»ilivi: 
Iviislt,  it  divides  into 
IVD  poitionii,  one  of 
whkh  flows  round  the 
Add-niflf^nGt  coils  lo 
Ihc  ncgatirc  brush,  and 
the  other,  ii»ully  the 
bi([iT,  Anm  round  the 
etlcniul  lircuit  from 
giK  brash  lo  the  other, 
(irovidcd  this  circuit 
be  cIoK<l.  When  a 
cwfcnt  divides  thus 
hctMVL-n  iwu  paths  one  |xith  »  said  lo  be  a  shunt  to 
the  other,  hence  tli£  name  given  to  this  form  of  windii^. 
As  ihe  current  flowing  round  the  fickl-mai^eis  '»  so  iniich 
suUracted  from  the  <:unent  artiUhle  ftit  uscfti!  w«nk  in 
the  cxtern.l1  irimiii,  it  ts  tnxdc  as  small  as  f)Os»it>le  con- 
tittenl  with  the  development  of  the  noccssu)-  magneto- 
Botivc  force.  It  is  thererore  net:e»aiy  lo  lca<t  it  maaj 
Hum  round  Ihc  iron  of  the  rield-inagncts,   niid   (or  this 
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purpose  S|>inils  wounil  iriih/w  wire  are  obviouily  the  liesL 
The  directioiix  of  ihc  two  set*  of  currenb  are  bhown  in  the 
figtirc  b)'  li^hi  ami  dark  airows,  the  aiiiiaturv  rutaling  clock- 
wise as  in  the  last  iigiiTe.  In  shunt  liynamus  there  »ii]*rA)'S| 
closed  circuit  in  conneetton  with  the  lituxtiei ;  xnd  tliercTore 
whenever  the  armature  is  running  at  the  proper  speed, 
ficld-niagneu  are  fully  cxdied  and  the  full  B.M.F.  trf  tlu 

miirtiinc  is  dL-vcki|K'< 

whetlwr     ihe    mtb 

circuit  is    cl(»cd 

not.     In  this  tv^Kt.  _ 

they  differ  ewsi-niialljr 

from  series  (Ivnaimy^ 


The  Compound 
Dynamo  is  a  uun 

binatiun  of  the  pre 
ceding  methods  of 
winding.  The  cx- 
li-rna),  or  the  whole 
anuature,  current  is 
led  a  few  tin 
tlirou)|;h  thick  tjiir 
round  lilt:  field-m: 
nets,  and  In  additic 
a  small  ihunt  cur 
ftt.  It;.— itaCiiai«undi)Tw«ti»M«gbMi).   in  a  fine  wire  shun 

circuit  also  pott 
many  time*  round.  There  are  two  way*,  illustrated  IR 
Kigt.  117  and  118,  in  whi<:h  this  may  Ik:  drjnc.  In  Fig.  ti] 
the  two  ends  of  the  line  wire  magnetising  coil 
)oi»cd  directly  to  the  lirushes  as  in  Fig-  1 16,  and  th( 
wlioU;  of  the  txiernai  current  passes  round  the  ihic^ 
nugneiising  spii.ils.  On  the  other  hand,  in  Fig.  tif 
the  cmts  of  the  line  wire  magnetising  uitcttii  arc  foioe 
to  (lie  external  terminals  of  the  machine  iiuiead  of  to  tbd 
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,  and  llic  whole  of  the  armatNre  current  passes  roiind 
iii-n  thick  magiKtisuii;  coils.     The  fiist  method  »  known 
"  sbon  shunt "  and  the  Mcond   at  "  long  shuDt "  com- 
nnd  windin;;. 

The  Separately-Exoited  03'iiamo.—In  the  above 
»«  have   tacitly  assumed   thai   the   dynamo  was  a 
Bntintious  current  one,  and  th:it  the  uincots  drawn  from  its 
BlIcctuT     b)-      ihc 
Litbex     were    tini- 
leciional.        Such 
Krrents  must  always 
:  c:m|ilr>yed  lo  |>tO- 
Bce    ihe    field    re- 
quired in  a  dynamo 
chine.    K  ihcre- 
ibe     dynamo 
clrren        alternate 
ItTcnts      into     the 
exit;niiil  4:ircuit,  iliese 
currents  cannot    Ix- 
uwd    to    excite    its 
UBTi      field  iii.igneis 
^whicb  inuii  ihnefore 
^Kc   supplied  irith  a 
^Htmtinuous     current 
^Pftom      a     se[iantte 
wurce  ot  Kenerjtor. 

\t>t  larKc  alieniale-curreni  dynamos  this  is  uinally  a  sm.iU 

uilinuous-cuncnt  machine  placed  along^de  and  worked 

the  Kinic  engine,  or  where  there  are  tcvenO  alternators 

'}*.,  alii^rnate xunent  dynamos)  in  ibe  sante  place,  their 

l^magnels  may  all  be  excited  by  the  current  from  one 

Ainuouscurrcnt  dynamo. 

In  sunie  alternators  «  few  of  the  armature  coils  are 
'imiecled  to  the  liars  of  a  commuiatof  which  ddivers  a 
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unidiiccltonal  current  horn  t)i«xe  lumkular  coiU  ici  a  pair 
of  sc|Mr3tc  liru&lies,  whence  it  »  led  thioui;h  llie  circuit  of 
the  fickl-magncU.  The  main  current  of  the  n>ai:hinc  is 
Liken  fioni  the  icm.iining  coils  to  ronncctin^  riitgs  'nd  led 
inlu  tlK  cxlcrnni  circuit  uan  »licfnalc  amcnt. 

Continuous-cunenl  dynninuii  iniitht  aliio  have  their  Add' 
nu|;ncls  c.xciicd  liy  currents  from  a  sejuirAlc  »uutcc,  ihougti^^ 
this  i.s  not  now  iisiul,  vvcpt  aii  an  auxiliary  fur  iMirjKXws  uf^^l 
ivgtl  III  lion. 

Htaftiimi  in  the  yirmatutr.~Ric\un\\nf,  lu  the  cose  of  - 

the  twO'|K>le  Jynumo  with 
"  %    Gramme  rin^  aniuiuri: 

(F'ig.  107),  wtf  luvc  now 
to  consider  brieAy  the  cfTcct 
of  the  current  in  the  ;iiiua- 
lure  ti|>on  (he  Add  due 
lo  the  Add-magncts.  So 
fir  wc  have  neglected  this, 
:ir.i!  have  attuned  (hat  the 
iii;i!<ne(ic  field  in  whjth 
the  coils  revolve  tcmains 
unchanged  when  heavy 
CunvnlK  are  drawn  from  ihc 
annaiure.  Obviously  tliis  b> 
not  the  cose,  for  the  passage 
of  ihe  armatiiic  current  uonverts  ihe  armaturt  into  an  tUtUu- 
mck^Kil,  whose  presetKc  roust  .ifrvct  the  mi^nictic  tidd-  For 
a  re.iKHi  to  be  explained  ptrR-nily.  ibc  brushes  in  I'lg.  to] 
arc  nut  set  on  t)ie  vertical  dumclcr,  Uit  arc  moved  a 
degrees  forwnnl  in  tlte  dirc4:iton  of  rotation.  Sujijmim;  A  (o 
be  directly  o%'er  these  brushes,  the  arroatUK  currents  will 
flow  as  ntaild-d  by  (he  arrows  in  Fig.  107.  A  simple  j|)- 
]>linilion  of  the  corkscrew  rule  will  show  that  thoe  currents 
will  magnetise  ihc  iron  of  t)»e  ring,  so  Ihnt  a  North  {inic  is 
formed  at  A  and  a  South  |iole  at  B.    Tlic  lines  of  futcc 
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ritic  In  ihc  ring  alow  will  run  uut  ftuii)  ihi*  mm  :it  N  (l-lg. 
1 19),  ami  into  il  n^cain  al  61  1  his  armauirc  field  is  Bupcr- 
poonl  upon  (Ik  field  due  to  llic  fictd-magnctB.  iivi  biter 
caasing  lines  to  i-iilcr  ihc  iion  inund  a  ronxidernhlv  lcnji;ili 
on  the  light  and  leave  it  roiiml  a  siiiiibr  length  on  the  left. 
'Hie  cfleit  is  thai  a  rcsuhani  fifid  is  prodtired.  which  is 
shown  (liagMmmnticaliy  in  I-'i^.  lao  nnd  as  nupiicil  out 
liy  »on  filings  h)  V\g.  til.    The  Ofi(iinal  field,  diie  to  ihc 


nc-  iaft_T<>iu*4  9iM  ilut  lo  MikOMic  IU4ciicn  o(  Amauii*. 

field* magnets  alone,  is  twisted  round  in  the  direction  oi  the 
rotation,  and  at  the  Ktmc  time,  acrorditig  to  the  general 
law  {hertz')  of  such  reactions,  is  rendered  weaker.  The 
field  l>ein]{  ihtin  distillled,  tltc  nenital  {xuition  in  which 
tlic  coils  have  no  imliK-ed  F-M.K,  in  them  will  no  longer 
be  on  the  veriica]  diameter,  as  assumed  in  Kig.  107.  but 
will  Iw  moved  forward  in  the  direction  or  loUilion.  'ITiis 
fonrard  set  of  the  brushes  is  known  as  the  i'mJ,  and  is 
ncocxxnry  if  the  machine  ls  to  run  without  sjurkir^  at  the 
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bni!>ties.     I'lie  rhirf  rcn.ton  for  the  forwnrtl  l«a(l  is  ilut  Jn 
given.  Iiiil  in  [)rar(tcc  (he  luail  lus  tri  t)v  inaeascd  ■  Ihlll 
more  bcrausc  of  atl)cr  minor  reactions. 

/*>/»■/  *;i  i/ie  ArmalHir. — It  may  tvol  lie  wjihoiil  iniewst 
to  our  i^tlerti  if  we  brictly  indicaie  the  tlifTcreni  vays  in 
which  energy  la  lost  in  an  armature,  for  these  illuslralc, 
lirom  a  practical  su-iii<)])oint,  the  irnpuriaocc  of  some  of  the 
least  generally  known  Uwfi  of  magnetic  and  el«ctn| 
phenomena.     First,  th«re  is  the  lun  due  to  the  heatil 


eflect  of  the  current  in  its  passage  (lirough  the  aimaiurc 
coils.  I'his  cao  Ik  reduced  for  a  given  current  onlj' 
by  reducing  the  Hcclrical  rcsistanct,*  of  the  annature  coils, 
by  .shoTleniiig  the  length  of  the  wire  ami  tncreising  iu 
cross-sectional  area.  These  conditions  are,  however,  .itiia- 
gonistk  to  itK  production  of  high  E.M.I-.'s,  and  ihcrefofc 
cao  only  l>e  pattially  met  Secondly,  there  i.t  a  loss 
cnctjjy  due  to  magnetic  hyitenesiis.  The  cutreni  in 
annature  coib,  and  ihcreforc  the  inagnctisiu  of  the  ir 
coic,  is  U'ing  continually  reversed,  and  with  each  cofD{>le 
cycle  of  mognettstion  we  hav^e  an  amount  of  energy  wwtt^ 
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\o  (he  arcn  of  ttit  hyslt.Ti:sis  loop  ({)agc  155)^ 
^ciKc  iiiollior  tcaiioii  for  wimg  ^muX  wrought  iron  for  the 
ature  coit,  3.1  its  h)'!tieT<.-s)t  loop  is  inucli  I«m  ihnii  that 
iron  ur  stcvl  La»tl)-,  there  is  ihc  lo»  due  to  the 
Jon  of  "  Fo«c»(ili  '■  or  "  eddy  "  currents  in  the  iron 
amMliirc.  This  is  rcdurcd  liy  Inminaiion,  or  ihc 
g  up  of  iIk  iron  witli  insulntin;;  inaleri.!),  3cro<is  the 
tion  in  whkti  the  mrrcnts  tt-nd  to  Row.  1~hus  the 
w  of  the  armature  is  either  made  up  of  thin  Rat  rings 
lipped  on  to  the  axK-  of  the  machine  and  sqiaralcd  from 
one  another  l>>'  sheet*  of  [xi|>er  or  other  material,  or  roiwi.tts 
^^f  s  bundle  of  iron  wires,  carli  separately  ^-smtshed,  and 
HBoiled  up  into  the  required  form.  For  cxuniple,  in  the 
^Bicinens  ann4tiitc  <I-'ig.  toil)  tin-  driiiii  on  nhiirh  the 
^Bopi>cr  wirt'D  are  wound  riinu^t^  of  two  thick  ^vin-ntci^l 
cbeeks  fixed  on  the  axle  at  the  two  ends.  I'hcse  carry  an 
tiiocr  projecting  rim,  upon  which  a   thin  sheet  of  iron  is 

I  wrapped,  and  over  ihi-i  is  eotled  a  quantily  of  .toft  iron  wire, 
prefully  varnished.  The  eddy  currcnls  lend  to  circulate 
m  directions  parallel  lo  the  outer  copper  wires,  but  in  this 
Direction  the  lion  is  di.'«:ontinuoiij^  and  offers  no  conducting 
Beciric  rircuit. 
F  We  thus  Mse  how  necessary  it  is  in  the  design  of  a 
dynanoo  machine  to  l>e  thoroughly  acquainted  with,  and  to 
iHow  for,  the  mote  recondite  effects  which  careful  research 

I  las  |>rovcd  (o  )>e  always  present  when  cenain  conditions 
be  fulfilled. 
[  HiSlORICAL   NO-I'ES. 

I  As  we  have  ivow  detcribed  in  some  detail  the  chief  points 
M  (merest  in  ty|>ical  dynamos,  we  are  in  a  position  to  in- 
Sicate  briefly  the  lines  *lon];  which  dc^xlopmeni  proceeded 
in  the  intenal  which  bridged  the  gap  between  Karaday's 
Jj^undamcnUl  discovericN  and  lite  evolution  of  the  modern 
^^Bynamo  machine^  One  of  the  most  curious  points  that 
^cmnoi  fkil  to  strike  even  a  careless  student  of  the  history 
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of  titu  th:vclii{Huent.  »  the  iKtyxncy  willt  which  rariotit 
iin|MXUni  (IcUils  tui-c  liceii  intcnioi  anil  rv-int'cnliM  in- 
dvi-i-niloRtly  hy  iliffctcm  ronmuvton.  t>vcr  ami  over  (t|!3>n 
an  imiHitum  *u-|i  in  Mlnncc  bu  bran  made,  and  Uiiml 
ciihci  in  iIk  tranaactioiu  of  mom  karoed  society,  or  in  ih 
current  sckntific  IhtraMrc  or  even  in  the  Paient  Offie 
and  thus  i-oti«l;;ncd  for  a  time  to  uMtvion.  'I'ben  It 
lilU-cn.  M  twcmy  year*  btcf  anoiher  worker,  quiic  ind 
ttrntktit^.  diMro^cn  the  Kunc  thing  ovc(  at:ain,  aiul 
|M:rfeil  honeitjr  ])ULh  it  forth  as  3n  originjil  diMOVe 
thU  liinc,  hoavvrr,  tl  bms  the  fruit  which  K  litioukl  ha^ 
lumc  brfbrViAnil  ittimfwrtaiKC  l>rcoini»«i<i'  'li 

To  uke  ooljr  one  esunple.  The  »elf«i<  ,  ncit 
{■tr  itagc  313)  was  siigi;cstcd  indcpendenily  by  jAiroh 
mm)  b]r  HJDTth  in  i&|S,  and  by  ^tnstcdcn  in  1II51.  It  «J 
le-inwnMd  by  Baker  and  by  \'ar)<;)-  in  1866,  and  again 
iodcpendcntly  by  >>'heaiaone  and  by  ^cmcos  in  1867, 
Other  inventors  also  appear  to  have  made  use  of  it,  antl 
yet  sorac  yean  ebpied,  even  aAcr  1S67,  bcfon;  the  )irinc-iple 
hi-^nn  to  be  gencr.dly  used  and  its  imiMitancc  rccogn-.i! 
Several  other  instanci-s  nttghi  tie  K'^cn,  did  space  ix-nri:. 
of  tlte  anested  tlcve1o|Hncot,  as  it  were,  of  essential  detsflx 
of  the  modem  dynamo :  liut  we  muiit  {cuu  nn,  metvly  re~ 
nurhtog  that  in  other  Imnches  of  adenoe  iho  sanae 
|>hi;n(iinenon  has  occuircd. 

FamiUy'*  discovny  of  magneto-ciectrir  utdtiction  quickly 
bore  fmit  in  the  shafic  uf  nuchinct  for  produdi^  clcctrie 
cuirenla.  Both  Dal  Nckto  and  Pixii  dt-visn)  Mich  niacliities 
fn  tSji,  a  few  months  a/icr  the  {Hibhiution  of  Faraday's 
reMMTchcs,  and  the  hllcr  cvxn  employed  a  ronirnutator  to 
convert  the  alternate  into  uni-dirvciional  cnnvntx.  In  the 
few  fullowtng  years  mnny  invcnton  workc^l  at  live  subject, 
but  all  u»i-<l  permanent  magnets.  \\'e  luay  menlKHi 
csp-:«ially.  however,  the  work  n(  Sturgeon,  who  in 
invintcd  the  Kplil-lubc  cororaiitatur,  and  that  of  Woolric 
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ingh:im,  who  in  1844  cunstntcicd  ihc  firrt  maKncio- 

x:iric  iiMchiitc  wlikti  u)>|>cnrs  to  have  liecn  used  com- 

percblljr,    ill    this    cacc    for    dcdroplaiing,       Wootrich's 

liilorira]    iiiai'hJnc   ix    ah<>wn    ill    Fig,    lis.       I'our   Urge 

rimanciii  horse  <>hnc  tnsgncis  wcr«  ntrangeil  <in  il  strong 
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iJcn  frame  wiih  llwir  polex  gwinting  inwards.     Uclwccn 

bcsc  foui  pairs  of  poles  there  rotated  oii  armature  with 

i  reparole  coils-     Since  there  were  twice  as  many  coils 

:  of  |Hci!e^,  it  follows  that  .it  .iny  instant  ihe  induced 

Unenls  in  Coitr  t>f  (liVKe  ooilx  would  he  in  one  direction 

tltoM:  in  the  oilter  fotir  in  the  opposite  direction.     By 

I  ingenious  Kystcm  of  connections  and  oiling  three  brushes, 

H'ooliieb  led  llicsc  two  ilifferent  Kts  of  currents  into  two 
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[iepamtc  circuits,  each  cuntatiiiiig  [lUtinf;  battu.     And  ihc 
'  brushes  an<I  minmtitulor  liars  were  ho  (umi)ted  thni,  itIicd 

the  dircrtiona  of  the  induced  ciinciits  in  the  coils  changed. 

the  ronncctions  to  the  outside  circuits  wcTc  xtitomaiicjlly 

ii)terrh.iT)^(-d,  nnd  ihuf  ihe  rutrentt  in  (he  latter  were  ol way k 

tmidircriional. 

Whe^tstone  wotlced  at  the  sutijecl  from  1841  to  t&45. 

nnd   in   the  latter  year,   in  cottjunciion   with   Cooke,  be 

jt:itentcd   the  use  of  eltfi'tro- magnets —not.  however,   scll"- 

cxcit«d. 

In  tSjli  Siemens  invented  the  shuttle-wound  aniuitur« 
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which  is  shown  in  Fig.  laj^  and  whidi  played  an  im- 
portant part  ia  many  »itise(|uent  machines.  In  con- 
jimction  with  a  two-part  commutator  it  is  just  the  simple 
loop  of  Fig.  101,  with  many  turns  of  wire  instead  of  a 
single  turn.  Meanwhile  great  utlcnlion  was  being  paid  in 
France  to  the  de^ijfn  of  tUleinalc  lurreiit  machines  with 
permanent  magnets  for  the  purpose  of  supplyii^  current  10 
arc  lamps  in  lighthouses.  As  the  result  of  a  great  deal  of 
work  by  Nollel,  Holmes,  and  others,  extending  from  1K49  to 
1863,  there  was  i>iodu(-«l  ihe  "Allbnce"  machine  (Fig. 
114X  which,  until  (|uiic  tcccolly,  held  its  ground  well  for 
this  class  of  work.  We  must  not  here  omit  to  mention  the 
intiionani  oetiin  of  machines  (uttcnted  by  Wilde,  of  Man- 
chester, between  1S61  and  \&f>t ;   tn  tlie  brger  of  thi->c 
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l^'t^-  '*5)  "ic  lickl-magntls  were  t-ki  Im-iii3giicl»  cxcilcd 
by  a  fniic)i  MHalli-r  nuuliini'  iluit  hnd  |>i:nnaiiciii  Meel 
magncu;  M  M,  Bhmtlc-wrwiinl  .nrmntmc*  heitij;  used.  Some 
of  Wildc'i  marhinen  were  tin;  mosl  i)owcrfu)  th.it  had  I)ccn 
consirucicO  iijt  to  ihat  tinK. 

Wc  now  coni«    to   the   end    of  the   year    186A   aixl 


Hf.  IM<~TtM  Allium  MichiiN. 

th«  beginning  of  18^17,  when  ihrcc  sc|>arslc  tnvcnlors,  in- 
dependently .ind  almo&t  Mmiiliancously,  described  in.nclica] 
mitrliinrs  in  whicb  the  M:lf fXfiling  iKincijtlc  was  used 
'I"he  first  ill  |ioini  of  lime  item  to  he  the  brothers  Vailey, 
who  in  Ikccmber,  1S66.  patented  such  .1  macbinv.  Then 
on  )amury  17th,  1867,  Werner  Siemens  described  to  the 
Berlin  Academ)'  a  machine  with  Her iet- wound  electro- 
roagiKia  excited  by  llie  current  from  the  machine  itself, 
p  2 
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Anil  00  February  r4lh,  the  sainc  day  that  Siemens'  |ut>a 
vra  brought  to  ihc  notice  of  llic  Royal  Society  oi  IjonfUm,! 
Whnisionc  n-nd  a  pn|H.'r  bcroiu  the  Sock-ty  tlcscriliind  i^ 
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similar    luachinv,  but  with   shuoi-wound  dc 
SicnwTii'  |ai>cr  is  tniidc  doiibly  inn.T(v>ling  from  the  (art  i 
in  it  lltc  (ciiii  dynami>-tUdrii  uuwhine  vrxs  first  tntrodH 


MfOKfitt  DrxAttos, 


119 


I  the  wothl.     Thiii  \\\K  Iwo  chief  way*  of  cxdting  tJie  fifid 

gneM  were  jiuliliithtd  in  England  at  the  same  tinic.    The 

ambinaliun  of  Uiete,  the  <:o«)|>ound  winding  (page  itS) 

invented  by  Vatky  in  1876,  and  has  been  the  subject 

'  a  leci'nl  hvavy  lawsuit. 

The  next  gml  step  wax  the  tnrcniion  by  tiramme,  in 
he  year  i8jo,  of  tlw:  tronlinuuus  ring  method  of  winding 
he  armature ;  Imii  here  again  the  m<.-lho<l  liad  been  pre- 
Hously  invented  in  a  slightly  different  form  by  Pacinuiti  in 
»K64,  Three  ywrs  later,  in  1S75,  Von  Hefner  Altencclt 
applied  th«  principle  of  ihc  Gramme  rin^-  to  the  old  shuttle- 
found  Siemens  srm.-itiirc,  and  thus  introduced  the  drum 
intature,  which  t«  now  %<>  Urgcly  ii$cd. 

From  these  inventions  the  develo|)ni«ni  of  the  modem 
Bynamo  starts ;  iiibsc(|ucnl  inventors  h.i\c  confined  them- 
tWei  to  iniproremciils  in  the  design  ;ind  arraiigeincnt  of 
various  parts  at  the  machini.-,  hut  llte^c  ini]irovenit;nts. 
Ugh  very  important  in  producing  the  highly  cfhcient 
nnchincs  which  wc  now  possess,  arc  chiefly  of  a  highly 
rhnical  character,  and  arc  therefore  of  more  interest  to 
tie  clediicsl  engineer  llian  the  general  reader.  One 
exception  we  sliouki,  hcm-ever,  inake,  for  nu  sketch  of  the 
history  of  the  dyiumo  would  be  complete  without  a  rcfcr- 
eDce  to  the  work  of  Dr.  Hopkinsoij,  who  tn  18S3  showed 
that  it  was  very  impottanl  to  consider  carefully  the  design 
'  the  mag^neiic  circuit  of  the  machine,  as  ncll  as  that  of  th<; 
ric  circuits.  Tlii.i  part  of  the  subject  has  already  been 
lit  with  pretty  fully. 


Modern  Contimuous-Cvkrot  Dvnamos. 

Passing  now  from  our  brief  historical  survey,  wc  propose  to 

;  a  few  of  iIk-  main  types  of  modem  dynamo  iiuchincs. 

nich  for    convenience    we   shall  diviilc  into  |no    classes 

nly,  namely,  "continuous-cunent" dynamos, and  "alternaiv- 

It"  dynanKis,  or  as  they  arc  now  more  briefly  called. 
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"jiltonaior*."  It  has  already  Ktn  retnarVcil  thai  there  is 
almotl  ill)  infinite  mimbcr  uf  myii  of  ruirillins  the  funda- 
inenlal  conditions  fur  the  production  of  elcctiwr-ciitrfnl 
energy  fnmi  mechanical  cncrpy  by  means  of  dynamoiL 
Ncvi,-ftli<:l(;ti»,  |iractirc  and  theory  combined  haw  (■radiiiHj' 
evolved,  l)y  a  procetn  of  "survival  of  the  litlot,"  a  few 
leading  lypu  vrltich  in  reality  hold  the  fkid,  and  many 
the  mccluinic;)!  and  electrical  monsliosilies  produced  in  l! 
early  days  of  the  dcvdopment  have  been  litcntlly  should' 
oiil  of  cxiitcnce  by  their  more  sturdy  coii))>eiiior3. 

But  ihoujfh  the  types  of  nucliinet  that  haw  hurvi 
arc  not  very  niiincr«>us,  they  arc  built  by  a  great  niiml 
of  tiLiniifiirtiiTi-rs,  nnd  thits  the  task  of  Hrltfrting  a  fvw  for 
de^riipiron  it  wincnh.it  invidioii».  We  wish  it  tliciefoie 
to  he  understood,  thji  in  dncrihins  a  few  machines  we  do 
not  intend  it  to  be  inferred  that  thow  IcA  undesciibcd  are 
in  any  way  inferior  in  design  or  i-tRciency.  {Jon»idcmlionS 
of  S)xicc  and  of  our  roden'  patience  alone  (ireveiit  tit  from 
makin^i  the  list  much  longer. 

The  first  machine  wc  piopoiu:  to  describe  is  oik  bdong- 
tng  to  a  class  now  cxtcnMvdy  built.  Il  is  known  as 
"ovcrlj-|)e'  machine,  from  the  fact  that  the  nimaluri:  i» 
the  top,  and  that  Ibc  fteld-magrKt  cores  rise  from  the  bed- 
plate, which  scncs  as  a  niagi>ctic  >'okfc  The  [Kirticular 
machine  illu«rated  (1%  ii6)  »  one  built  by  Mcsxrx.  Paiei- 
sen  &  Cooper,  and  known  as  tli*  "Pbunix"  Dynamo, 
'llie  iron  cores  of  the  betd-magncis,  stirroundcd  bj' 
magnetising  coils  C.  arc  bolted  to  the  massive  cast-t 
bedplate  B.  On  the  to|)  of  theitc  txwes  are  Ihr  ["H 
pieces  P,  hollowed  out  lo  reiciw  a  ring-wound  anitai 
the  magneiic  circuit  \s  thus  similar  to  thai  dejticicd 
No.  >,  Fig.  114.  The  commutator  1'  is  a  lai^c  om-,  a: 
the  strips  i  connecting  its  various  «<-ginc»lA  to  tlie  wi 
ings  of  the  annaliire  ran  Ik;  pbiiily  dittinfiuinhed. 
bni»hev  h  h  are  mounted  im  ;i  imkit  In   mc.iits  of  wliti 
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^Kheir  position  in  ihc  commutator  can  he  adjusted  to  the 
^P^ro|ii.-r  "duinieii'T  of  commutation"  whiUt  tin-  nurliint;  i« 
tunning'.  TIk  tips  of  the  bruilKs  should  ulw-iyH  lie  on 
^^Opposite  ends  of  a  diameter,  but  if  this  diameter  is  far 
^Hom  the  "  ncutnit "  position  there  wit!  be  a  good  deal  or 
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ifKukiiig  at  the  itrusbes.  When  this  occurs,  the  rocker 
nust  be  mox-cd  rotmd  until  a  position  is  found  at  which 
the  sparks  di^ipfi.-ar. 

The  field  magnets  of  the  machine  arc  com  pound- wound, 
w  as  to  produce  the  unie  jKHeniial  iliffercncc  at  ibo  let- 
rnnUfdivtide  variations  of  load.  Iliiuyttiteiest  oiir  mders 
know  tlie  actual  resisLinccs  of  the  vaiiou;  eliictiic  circuits 
of  such  a  macfiine.     In  a  d>-nnmo  of  this  kind  <icsigned  to 


i3» 


Thf.  EiKcrmc  Cvksekt. 


give  (So  ampbrcs  at  105  volts,  or  14  ctectric  horM.--f)owcr,'| 
the  resistances  ate ;  —Armature  o'02  uhm,  serkit  winding  1 
field- magnet  001  ohm,  and  shunt  wimljng  of  field -nufine 
»9'5  ohms.  Con)|uirin}{  these  reabtaiices  with  those  given 
for  batteries  (p^  55  and  5S),  one  Tcali:ics  bow  cnoimouGlf 
su|>crior  tlK  dfnaino  is  even  in  this  respect  to  the  UckI  forim 
of  halteries,  for  it  roust  be  retncinlicTed  that  low  inter 
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resistance  means  small  toss  of  energy  in  vanlefully  heating 
the  currcDt-produccT  itself. 

The  next  mnrhtnc  fK'g-  127).  an  Edison  dynamo  of 
ntodcni  t)|)c  cmlKxIying  Ih.  liopkinsoo's  iniprovetncnts,  is 
maKncltcally  the  |>nxrediii](  one  itimed  upside  doK-n.  'I'hc 
t>ole-piecei  and  aniiatutc  arc  at  ibc  tH>1lom  of  the  machine, 
and  a  itiaiiiiivc  yoke  (V)  joins  the  tii|)  ends   itf  th<-  Acid- 

'  'IVrit  l«nn  b  i;ii|^n«l  latir  tpaee  faH), 
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magiicl  irorcfi,  the  magnetic  circuit  being  similar  to 
thai  sketched  in  No.  3,  Fij;.  113.  One  magnetic  difficulty 
DGcc&sarily  occurs  in  machines  of  this  lypc.  Iron  is 
practically  the  only  suiubic  mntcrial  for  the  gtcaicr  part  of 
tlte  bcd-|ibte  on  which  tlu-  dynnniu  tl-sIs  ;  but  if  the  |H^le- 
pieces  were  (Ureal)-  suiiiiork-d  on  the  iron  bedpbtei  most 
of  the  lines  of  magnetic  force  set  up  by  the  magnetising 
coils  would  (lass  fnmi  one  [>ule-|)iece  to  the  other  through 
the  iron  of  ihc  bcd-plalc  instead  of  through  the  gaj)  in  which 
lh«  armature  ties,  and  where  their  presence  is  evii-ntial  to 
the  working  of  the  machine-  To  reduce  this  magnetic 
"  leakage,'  «  it  is  catk-d,  as  much  an  powibte,  a  high  foot- 
sicp  7.  of  zinc  i-1  iiitcT|Kised  between  the  iron  of  the  |iolc- 
{licccs  and  that  of  the  licd-platu ;  but  not  withstanding  this 
precaution  a  considcmble  (wrcentagc  of  the  totn)  lines  »et 
up  complete  their  circuit  through  the  bed -ptaie,  and  these 
arc  useless. 

The  machines,  which  are  built  in  the  United  States  and 
are  intended  for  incandescent  lighting,  have  drum-wound 
armalurcii,  the  fidd-magnets  arc  shunt-wound,  the  bearings 
are  long,  and  there  arc  good  mechanii-al  arrangtnicnls  for 
holdir^;  and  rocking  the  hruthcs.  'I'hey  tary  in  sixc  from 
15  inches  high,  capable  of  delivering  j|  horsepower  elec- 
trically, to  i8»  inches  high,  giving  aoo  horsc-|)ower. 

There  is  still  another  type  of  "single  magnetic  circuit " 
dynamd,  in  which  ihc  armature  is  placed  neither  at  the  top 
not  at  the  liottom,  but  about  hnlf-wuy  up.  The  design  was 
originated  by  Dr.  S.  ['.Thompson  in  1 880,  and  has  been 
independently  devised  by  several  construe  tors.  The  mag- 
nctic  circuit  b  sketched  in  No.  i,  Kig-  rij.  The  parti- 
cular machine  illustrated  (Kig.  laK)  is  constructed  by  Mcrars. 
Greenwood  and  Itatlcy,  of  Lecdtv  and  i.t  known  a^  the 
"  l>eedx  "  Dynamo.  There  is  only  one  magnetising  coil  on 
the  tield-magnet,  and  the  bedplate  is  uselully  employed  fur 
parl  of  the  magnetic  uin^uit ;  in  fact,  the  lower  )iok-picce  is 
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part  of  the  l)e(l-|>hic  catling,  'llie  nmiattire  It  t  r>rainn>( 
rinK>andtlie  nnungement  orcotnmukiior,  t>msh-holclert.Ati^ 
rocker  is  t;ood,  but  cnlls  fur  no  sficcial  coninicnt.  The  typ 
is  especially  well  adapted  for  sniall  machines,  Init  large  cm< 
giving  about  50  horsc-powcr  clecttically  have  also  been  built. 
H'e  next  give  an  illiiflniiiunuf  .1  machine  with  n  "double 
niagneiic  current "  of  the  kind  vketched  in  No.  3  of  Fig.  1 14. 
The  machine  illti.ttnilcd  (Fig.  IJ<))  was  dcsifowd  by  Mr.  A. 


Pilt.  iiS— Itw  "  Lccd>  '  riiiMii 

T.  Sneil  for  the  (Jcncral  Klcctiic  'lYaction  Coni|nny  of 
London,  and  b  specially  adapted  fof  traction  and  mining 
w'oifc,  The  arrjnjjemenl  t>f  the  m.ngnc(H:  circuit  mill  l>e 
undeistooH  finm  "lut  has  been  alt eatly  said  on  |inge  113. 
'Vhv  amialute  is  of  the  ordinary  type,  bui  the  details  can- 
nut  be  teen  in  the  figure-  The  brushes  used  are  of  a  krnd 
to  irliich  we  have  nut  hitherto  referred,  being  made  iif 
solid  caibon  instead  of  copper,  the  liaitt-end.t  tif  llic  curliutij 
blocks  bcinj;  ptcsscvl  against  the  coiiunuUtor  frutn  lichind 
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by  spiral  springs  as  shown.  Taibon  Wwrks  were  fint 
proixised  fur  ihii  |puq>QM:  by  I'n>rc«x(ir  G.  Foil>cs  in  liiSs, 
and  have  jmivcd  very  siilisOictor}-,  npediilly  for  elvclik 
motors  which  have  lo  nin  b«h  ways. 

\Vc  sliall  •x>ikIii<!c  our  illustrations  of  continuous-current 
dynamos  with  a  mtiliijiobrone,  liavings  magnetic  circuit  of 
tlitf  g«iiei.-il  type  »ket(hed  in  Nt«.  5  iind  6  of  Fig,  1 1^,  l)ul 
in  this  ]»antailaT  case  linvin;;  d^lii  }iolc&  to  the  rield-outgncls 


r^  1 30  depicts  auch  a  inu!iii>olar  dynamo  designed  hy  Mr, 
Gitbert  Kapp  for  central  sUilion  wnrk.and  it  may  l>e  rciiiatked 
here  that,  for  this  jxirtit-ubr  cIa-ss  of  worV.  machines  of 
the  mi]lii|iobr  Ij^ie  have  bevn  recently  designed  by  Edison, 
SicnH-nK,  and  many  other  constructors.  A  comparison  of 
Fig*.  it3and  114,  andaicfercncctoour  remarks  on  iMgeai^, 
will  enable  ilic  reader  to  undci>tan<l  how  tUi;  magnetic  lines 
unlcr  and  leave  itie  iron  o(  the  arnuidirir.  The  niagnclisinj; 
coiLs  and  the  ]iole-[iii;ct;H,  exlen<lc<l  so  as  to  cover  a  detinile 
\an  of  the  (Kripltcry  of  the  armature,  can  be  clearly  traced 
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IIS  of  alli-Tiiaic  r«nem  nucliin«  or  "  allumators."  The 
enluil  difri-K-iKC  between  ihc  methods  by  which  the 
curtmls  ftre  led  in  the  tvo  cbssvK,  from  the  rotating 
annalure  into  the  oitter  citctiit,  hxve  Ijcvn  already  tlennhet] 
on  page  197-  It  tiuy,  hitwever,  be  remarked  th;it  in 
altemaiors  Ihc  arntaturc  is  very  frc<|iiently  ihv  sialtonar)- 
(tan  of  tlie  clynnm<K  and  the  field-inni^ncts  arc  rotaiid.     In 
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raxes  the  exciting  current  is  passed  into  the  coils  erf 
rotating   ficW-nuKnct    by    means    of   simple   sliding 
contacts,  to  whkh  the  ends  of  the  ir<>il»  an-  coniJcclcd. 

[n  iMg.  151  is  illiiMrated  a  form  of  alternMoi  designed 
an  lar  back  as  1878  by  Von  Hefner  Altciicck  for  Messrs. 
Siemens  and  Halske.  The  armature,  which  is  of  the  disc 
kind,  depicted  dijgrammatically  in  Kig.  iis,  revolves  be- 
tween the  poles  of  two  sets  of  cicctro-mjgncis  arranged  Op- 
poute  one  another  round  the  circumfcicncc  of  a  cirde.   Wc 
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have  vKiiljiincd  iho  tnclUoih  of  connecting  the  cods  to  nnc 
nmithcr  ^o  ihut  all  the  F.M.h'.'x  may  »r\  in  the  laniG  dircc 
(ion  At  4M)'  itiiunt  in  itic  ciiniiL  The  coils  of  the  .itnutur 
arc  iKti.illy  n'ouml  upon  wooden  cores  and  enclose  no  iiMul 
They  aie  consltuctcd  o(  rilthons  of  copper  mtniUtnl  fn 
one  anollicr  l>y  \u\\».  a(  mkuiniAcd  fibre,  and  saa  hcM 
ihcir  j)lnccs  I>y  ttn-  •  Umi^m  which  c^in  In;  Keen  in  the  figur 
Pof  ;i  rc.iuin  iitre.idy  referral  lo  (jw^c  2i<)\,  the  currcnis 
the  ninchinc  cannot  ttc  used  1o  excite  its  field-magneto,  and 
therefore  it  (innll  continuout-ctirrcni  nktehtnc,  placed 
front  of  the  larger  allcrnnior,  and  driven  by  a  belt  from  ll» 
name  ihaft,  is  used  for  this  purpose.  I'hc  continnoua 
cuncflt  nmchinv  deputed  is  one  of  the  well-known  Sienn 
types.  It  is  I  tiro-pole  dnim  arnuture  machine  wilh 
verticjJ  double  inatinctic  Lmtitt.  As  it  is  used  solely 
su|)|)lying  ciincnt  to  the  field- magnets  of  the  alternator, 
its  icrininah  are  iieimancnily  joined  to  the  fietd'tnagnet 
circuit*  by  the  co!>peT  nxis  ween  [Kiuing  from  one  macbii 
to  ihc  other  in  tlic  lower  part  of  the  figure.  Tlie 
rods  on  the  riRht-haiKl  side  arc  Ihc  conductors  by  which 
the  cuncntK  of  the  alternator  arc  led  away  (o  the  cxiemal 
drctiits.  For  very  large  maehine*  liaving  an  output  of 
more  tlian  400  liorsc-powcr,  Mcsits.  Siemens  use  quite 
dilTcTcnt  patient,  in  which  the  (icid-magiicts  arc  rotate 
inside  a  targe  stationary  armature- 

The  next  machine  illu.ttniled  has  also  a  disc  armaiure, 
but  this  ii  firitdy  fixed  to  the  Iml-plate,  whiUt  a  multi^mUt 
field-roagitct,  having  a  single  exciting  coil,  is  rotated  near  1 
The  full  machine,  which  was  designed  by  Mr.  M..nlcy  fq 
the  Brush  liJccirical  E^ngtnecting  Company,  is  sho»'n  in  Fij 
131,  and  it  will  ttc  noticed  that  the  snuti  continue 
current  dynamo  tor  Mipplyin^  ctirrciU  to  its  field-magnets 
mounted  nn  the  same  spindle,  being  carried  i)ui[c  nc 
on  a  ude-l>iacket.  The  stationaTy  onnatiin:  is  ilcpicl 
separately  in  tig-  133,  and  Ihc  multi|Kibr  llcld-niajpict 
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134.  The  most  rurtotis  part  of  thi«  machine  is 
[irobahty  itii  inul(i|x>liu  fit-'Minsgnei  uiih  its  miij^W  magnet- 
ising coil,  10  show  which  clearly,  ihc  t.hielJ  it«n  in  Fig.  1^3 
has  twcn  removed.  This  coil,  as  ran  be  seen  in  Fig.  134, 
mcitcles  Ihc  :Lxts  cA  touilion  of  the  magnet,  whtih  fonns  ihe 
c«nln:  of  iI^  coil ;  iht;  hncH  of  in.i^nL-itc  foret:  .set  »|>  in  )hb 
coil  1)033  initi  the  lailiating  polar  pTUJeciion*.  which  cur\'e 
round   towards  one  another,   and  almost    meet,   the  gap 
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their  ends  beinj^  only  about  ibTee(|u.iTtcrs  ol  an 
inch  wide.  \\k  thus  have  a  scries  of  opposed  juries,  all 
those  on  one  Hide  being  of  Norlh  |>oUriiy,  .-ind  all  those  on 
the  other  of  South  polarity.  'ITicrt  arc.  therefore,  very 
sirong  magnetic  fields  tn  the  gaps  l>ctu'LXH  the  poles,  hiii 
icucely  any  field  in  the  intervening;  spacci.  The  field- 
nagnct  b  so  mouiik-d  that  when  11  is  spun  these  gaps 
ue  occupied  successiively  by  the  coils  of  the  armature 
depicted  in  Fig.  133.     In  the  tuaehine  illustrated  there  an: 


no 
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nine  narrow  gaps  tn  (lie  Rcltl-mn^ivct  and  eighteen  coils 
th«  arniatiirt'.     C<>nw(|ucnlly,  as  (lie  mngnctii-  g«ps 
round,  eat  h  <:oil  of  (h<-  aimatun:  is  altOTn.-itcl>'  rn  a  stiofl 
and  a  weak  field,  and  thus  KM.F.'a  arc  induced  in  the 
<:otU  due  lo  rapid  changes  in  the  tinea  of  force  piusii) 
through  them.       The  nin>nUin?  roils  aiG  nude  of  cop 
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ribbon  wound  upon  pofoeiain  cores,  and  insulated  with 
thin  tape ;  no  metal,  except  the  c»ppcr  of  the  coils,  enle 
the  mngnclif-  Ticlil,  and  ihwt  l-'oucatilt  or  c<)()y  Funenls  aii 
avoi4lc<l.  The  coils,  of  the  shape  seen  in  Kig.  1 33.  w 
clamped,  with  jiroper  insulation  interposed,  to  a  light  gun 
mcial  Trame,  and  if  necessary,  any  coil  caci  be  removed  fa 
inspection  and  repair  without  taking  the  machine  to  (tie 
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are  nwny  other  uigoniou.>  dt;laits,  lioili  medianicat 

ctrical,  about  (he  machine,  wliicli  wc  hiive  tiot  sgxice 

I  (lesrHbc  fuil)-, Imi  whicli  all  und  to  increaftt  iis  efficiency. 

'Die  lar){esi  machioc  yet  built  of  this  ifpc  lins  an  output 

of  500   kilowatts   (670    )iorsc-pon'i:r>  and   a    ctimmen^ial 

^Wiriency  of  9Jt  [wr  cent.,  l>)'  whtcli  irv  mean  th.it  <;3  pcT 

^Benl.  q(  (he  meclianinl  power  delivered  upon  the  sliafi  a 

^ftraiUble  ns  etectrio)  power  in  the  cxlcn^al  circuit     It  bcu 
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^KoJiTmature  i^iU  ami  40  paire  of  pules  on  t)ie  field' magnet, 
^nrliich,  with  the  shaft,  weighs  40  Ions.  In  the  inacliine 
^Hcprcscntcd  in  Mg.  133.  it  is  interesting  to  note  that  the 
^amall  ronttniiu(i«-<*tirFetit  dynamo  at  l)ie  tnd  of  the  ^lInA, 
which  suppltef.  the  ctiiieJU  for  the  lid<i-tnai;iict,  only  wetglis 
nth  of  Ibc  total  weight  of  the  ntachtoc,  and  in  the  larger 
nachine  just  lefcrrcd  to,  ih<:  ]>owcr  absorbed  b)'  the 
(ixgnctLitng  circttit  i*  leu  than  1 J  ]>ef  cenL  of  the  output. 
Tlie  la&l  alternator  (o  be  described  is  one  constructed 
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by  the  Wwiinghouie  (.."oniiwoy  in  ihe  United  Sutes.  It  t% 
illustrated  in  Fig,  135,  and  mitcad  ol  a.  disc  arnuturc 
■iinilAT  to  those  of  the  two  preceding  machines,  its  arnialiiie 
it  of  tiic  drum  typi'.  The  field-mat^net  is  niuItifiuUr,  with 
16  radial  i)ole«  projecting  mwanlt  from  a  inav-ive  external 
yoke       The   (iglus  are   alternately   of  Kotth    and    SouUi 


Fig.  ■u.—tbt  WHiinckovc  AltaiHMi. 

polarity,  nnd  the  drum  armature  r<^olv«s  in  the  central 
space  towards  which  they  are  diret-ted.  'I'hc  core  of  this 
*  ure  i«  a  cylinder  built  up  of  thin  iron  discs,  and  iltc 
coils,  after  being  wound  on  formers,  arc  Uid  lUt  on  the 
jieriphery  of  the  cylinder,  aciots  which  the  wires  uf  the 
coits  run  bgickward*  and  forward*.  'Hk  end  l0o|»  of  the 
flat  coils  arc  lieni  over  the  sides  of  the  driLm.  and  tlie  c'i:Is 
are  held  in  their  places  by  insulated  biiidini;  nircs;  thvic 


Modern  Alternators. 


243 


are  the  same  number  of  coils  as  magnet  poles,  and  they  are 
usually  joined  up  in  two  sets  of  eight  coils  each.  The 
machine  illustrated .  weighs  3  tons,  and  has  an  output  of 
r6o  kilowatts,  or  210  horse-power.  It  may  be  taken  as 
representative  of  a  large  class  of  alternators  in  which  the 
axes  of  the  armature  coils  are  radial,  thus  differing  from  the 
disc  armatures  the  axes  of  whose  coils  are  parallel  lo  the 
shaft  of  the  machine.  There  is  still  another  class  having 
ring  armatures,  the  axes  of  whose  coils  have  a  circumfer- 
ential direction,  but  our  readers  will,  perhaps,  be  able 
to  understand  their  mode  of  action  without  further 
description. 
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CHAITER  V. 
THE  THERMAL  PRODUCTION  OF  THE  CURRENT. 

Ik  our  liricf  summaTy  of  lite  inctluxlv  imiUMc  (bi  lh« 
production  of  the  electric  cunvni.  nc  hiiv«  |)ointcd  ovX 
(page  3i)  tlinl,  correlated  to  llic  |»i^uctiuD  of  heal  in  a 
condiictinj;  cifcuil  Uy  an  decttic  ctirrcni  lutssing  round  it, 
there  is  a  mclliod  of  producing  an  ilcclric  runcni  direct  from 
the  energy  of  hwi.  Slrirlly  ^jieiikiitii;,  liowrvcr.  tlie  produc- 
tion of  heat  to  which  wc  prirvlously  lefencd  .ts  ^Ivrays  accom- 
panying the  passage  of  a  current  through  a  homogvni-ous 
(ondiKior  is  of  a  Jridional  nature,  and  is  irrtvfrsihle.  In 
Dllivr  words,  t)ie  cocrjjcy  so  wted  up  eannot  l>y  an  invvne 
process  be  reconverted  into  current  energy.  In  this  retpeci 
the  heating  effect  of  the  current  diflcrs  from  the  chemical 
and  ni^ignttir  cffcrt*,  bo(h  of  which  arc  under  certain  cir- 
ciinut;in<  C.I  rcvcn-iWe:.  I'or  instance,  the  products  of  the 
chemical  effect  can  be  used,  as  we  have  seen,  to  generate  an 
electric  current.  Also  the  magnetic  cfTcci  is  ro%'crsible,  for  t!« 
eiK-T^y  used  up  in  creating  the  magnetic  Add  on  the  staniitg 
of  a  runeni  is  returned  to  the  ciicuit  when  the  current  ■» 
bfokcn.  h  is  not  so  with  the  heating  cffcci.  Ttie  energy 
converted  into  beat  is  usually  lost  or  dissipated  t>y  rndbtion. 
and  in  the  niost  favourable  cast.-  <an  only  be  uti]tK-d  as  hut, 
iIk'  production  of  nliich  at  anv  jiaiticuhir  spot,  and  in  any 
retjuired  ijuanlity,  is  very  coniplctcl)'  under  control. 

Another  indication  of    the  triwersible    natuiv  of  this 
frictional  tieating  elfcct  b  alTorded  in  the  lact  that  the  4)nantiiv 
of  heat  j>roduced  in  a  gi»  en  conducior  by  a  ceruiin 
Mfffndtnt  0/  tfif  dir< flint  «/ t>u  lurrent.      A  revti- 
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nSr  «i  llip  iiirront  f.s,n  In;  detected  liy  chinges  in  Ihc 

jK-inii.-.it  and  niti)iii<.-li<- clfct'is,  litit  suili  ri-vent;d  mnkcs  no 
^bnn(^  whatever  in  th«  licntiii};  cITcci.    I'hc  i)iiantit)'  of 

llMi  iiroduccd  in  the  apparatus  in  l-ig.  163  is  the  Mtne 
whcthci  the  current  l>c  ii.is%«J  fiont  l«ft  to  right  or  front 
right  «>  left 

How  then  nrc  w«  10  convert  heat-cncrgy  direclly  into 

be  energy  of  the  clectrie  ciirrcni  ?     The    golulioii  lies 
*io   the  bet   that, 
_altiv(iugh  the  hcjil- 

ng   of   ■    4i»Mi^- 
^f^inmi  con<luctor 

by  nn  clceiriocuT' 

rtnt  is  irreversible. 

there    is    an    .id- 

diiional  mvniNf 

Atal    efftil     |>ro- 

duccd   when    thv 
Kondtictor    i;i   wo/ 
wgetuaus.  1'his 
[is  very  much 

smaller  than   the 

other,     an<i     was 
|nolr>l>scrved  until 

iftj-i.-nhhouKhlhc 
Ldi)Li.'t  thermal   production  of  the   <:u»reni  described   on 

page  347  "«  diwrovered  in  iSiJ.     We  shall  begin  hy  con- 
■  fidering  this  jihenonienon,  kiwwn  from  the  name  of  it* 

discoverer  as  the  Peltier  effect. 

The   Peltier   Effect  «  simply  thin:   that   whenever 

an  cletrltic  cutrinl  [usm.-^  from  one  meLil  to  another,  the 

fututi-m  vt  cither  cooled  or  hc.ned  (ap.itt  from  the  friciional 

production  of  heat  in  ihc  tW'>  metals  separately)  according 

to  the  direction  in  which  (he  current  tlows.     A  modification 

of  Peltier's  experiment  suggested  by  Len*  shows  this  cooling 
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eflect  very  forcibly.  Two  bars  A  and  B  {¥i^.  1  j6>,  or  >n(i- 
monjr  tUiA  bismuth  respectively,  are  soI(Ictc<l  logeilicr  in  the 
form  of  n  crots :  one  cti<l  A  of  thi-  bi^iiith  b.ir  is  )oinctl 
lo  the  jiouiive  |>ole  of  n  luilier)-  I),  and  one  end  a  of  iIk 
autimony  bar  is  joined  lhrotit;h  .1  key  K  10  the  itcf^lfve  [lole. 
A  small  bole  e  is  bored  at  the  junction  and  filled  with  juraicr, 
The  cross  and  ihc  water  in  the  hole  arc  reduced  to  n 
lemperaliire  of  o'  C.  l>y  bcin^;  placed  in  melting  (now,  ami 
then  the  key  K  ii  clotted  and  tlie  current  pawed  ncrovt  Ihe 
Junction  from  bismuth  lo  atitlmony.  lx:n/.  fnuml  (hat  m 
five  minutes  itic  water  in  the  holf  was  frozen  and  itstem- 
[>cmlurc  reduced  to  4'  C.  bclo»'  the  rrcexin^- point. 

IVllicr  himself  used  at  first  a  dillvTcnliAl  thennoine(i.-T. 
btit  nftert>-ai(h  demonMralcd  ttx;  exi.Mencc  of  ihe  revcnibte 
heat  effects  »t  ihe  junction  lij*  making  use  of  the  knon-n 
foots  of  thcrmo-eleciricity  disco^'cred  twclre  years  previously 
by  SedKck.  Before  describing  Peltier's  work  further  it  it 
nc<ess.-ir>-  111  refer  to  ihew:  earlier  discoveriet. 

The  Seebeck  Effect.  ^Ve  have  already  referred  to 
thii  in  OUT  historical  mmmaiy  (page  16).  It  may  be  put 
more  bricHy  thus  :— If  the  junctions  of  a  metallic  circuit  of 
at  Ic.ist  two  diKttmilar  metals  be  kqit  at  difTcrenl  tempent- 
Hires,  an  electric  i^urrcnl  will,  fn  j-fnera/,  flow  louiid  that 
circuit  Seebeck  denioiiMiatcd  this  by  placing  a  beut  «.iiip 
of  copper  i  (Fig.  137)  oa  «  flat  bar  of  bismuth  a^.  At 
the  centre  of  the  bismuth  bar  a  sinall  magnetic  needle  m  i 
was  pjvotled,  and  tin-  agiparatus  was  turned  i(Hi;id  until  this 
needle,  lying  in  the  magnetic  meridian,  came  to  rent  in  a 
position  parallel  lo  the  greatest  length  of  the  tvro  tneuk, 
and  within  the  loop  formed  by  the  bi-mclallic  circuit.  On 
heating  one  junction  fi  of  the  iwn  nn.-t.ils  the  needle  "as 
dcAcclcd  in  a  direction  llut  showed  the  t^\t.^lelK-e  of  a  cumrnt 
[Ktuin^  through  the  hot  junction  from  bi^iinuth  to  copt>ef 
and  from  copper  to  bismuth  through  the  cold  junction.  If 
tta-  oihci  Junction  were  heated,  the  needle  was  detleacd  in 
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the  opposite  direction,  showing  that  ilic  cuireni  was  reversed 
in  the  riri'uit.  but  it  was  slill  Uoxa  l>isiiiuih  to  copper  thiough 
^Bhv  h<>f  jutKlion.  In  rnci,  Sednck  shonnl  that  ihe  rondi- 
^Hlon  for  the  flov,-  of  the  curTcni  n^is  (tut  nbovc  L-nuiiciaied, 
^BanKlj,  that  tlw  (wo  fUHtthnt  should  be  kept  al  diffrrent 
^^ttmfifra  titrft. 

Ity  mofv  extended  e«pctiim*nts  Seebcck  further  slwwcd 
thai   thnmo^lL-clric  carrents,  ns  ihcy  me  called,  cnn  W 


ncrated  by  a  combination  of  almost  any  two  metals  or 
tiallic  alloys,  and  he  ainngcd  the  meials  wiih  which  he 
^pcriuiented  in  a  th<:nn«-clci:tti<:  order  similar  lo  thai  in 
which  Volta  arranged  l)iem  with  rei^tect  to  the  chemical 
prodwtion  Oif  the  t-urrcnt.  In  Ibe  folloiriii^i  1,-iblc  <rc  have 
anai^;ed  nomc  or  tlie  n)Oie  common  metnl.i  in  a  ibermo- 
dectiic  series,  in  such  .i  way  that  if  any  two  be  taken  to 
atin  put  of  a  circnit  and  their  junction  \k  heated,  the 
urrrai  flows  from  the  one  h^bcst  in  the  list  to  the  one 
clo»'  it  Mross  the  ketiftJ  Jundwn.    That  our  readers  may 
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have  »ome  idea  or  tlw  vcf)-  tin^ll  clvclric  |>rc«um  set  up 
in  these  lhcrnio-elc<;lri*:  cMipltrs,  wc  liave  pUce«l  in  an 
.idjoiniiig  (otiimn  ihti  vif1(n(;c  !>«t  up  Iktiwccd  each  mcUl 
and  lead  taken  as  »  ytamhrd  inetaj.  To  produce  thcM 
tabutaied  HM.F.'s,  one  of  the  junctkni^niiist  Ijc  kepi  at  the 
boiling-point  of  water  (loo'  C).  and  idc  other  juiwrlion  at 
the  freeiiiig-point  (o"  C.)l 

Tasi.s  V.--TiiER)io>£LEcrRic  I'soruTiu  or  tiik  Mktal^ 


MfUl. 


■f  iUtmoth  ,. 

Cobkh 

Nlck«l    ... 
Cotmani  i^Wtr 
nalinum  (vitl)  . 
Aluminium 
■Hn 

Uid  ... 
CcqipM  ... 
Plaalnim  fits  til) 

SilTCI 

Gold 
Zinc 
Iran 
'  Aalimcmy 


+  ^oofiSa  Volu. 

•f-  -eojM) 

>■ 

4-  xioaift 

t1 

+  -00148 

n 

+  -0001  a 

■  1 

+  ^00006 

B< 

4-  <0000l 

I* 

•   'OOOI7 

■  ■ 

-    yMooi 

-    '00019 

(a 

-   •«»« 

»■ 

-   -1M03S 

1, 

-  -oorw 

■  ■ 

-   ■004^3 

■r 

■  T)h  otL-iliiiaii  ui  lowl  upas  Pigfinar  Tau^  voak. 

The  tabic  can  be  used  to  give  the  voltage  when  the 
junciions  .ire  nt  0°  C  and  loo"  C  o(  nny  pair  of  melah 
referred  to ;  all  that  is  necviuary  is  to  subtract  a!)^thrai(allj 
the  voltage  given  for  the  metal  loiii,-cs.t  in  die  table  from  llut 
which  is  highest.  It  is  interesting  to  notice  that  not  only 
the  chemical  biit  tlic  physical  state  of  the  material  has  an 
cffcet  upon  its  llieimo  eterlric  pcoidfttes.  Thiu,  soft 
platinum  i»  positiic  to  luid  |tlaiinufu.  For  this  n^ason  the 
ligiires  given  \\n\<A  l>c  rei'^irdcd  as  approximate  ooly  even 
when  the  melah  are  cht-mir.illv  pure. 
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The  flow  of  \\\tve  ciiiivnu  i^  an  ne  lutve  ;i«5iime(l,  due 
to  ihe  ))fmlu>ct)iin  of  iin  «:lct:tric  [vcssute,  or  E.M.K.  in  the 
ciicuii  under  i)>c  coiidii ions  set  (otth.and  if  ihnc  conditions 
t>e  fulfilled,  the  K.M.F.  exists  whether  the  currents  tlow 
ur  not,  (>..  wtKtlier  the  circuit  lie  complete  or  not. 
The  nvi^niiiidr  of  thrtc  thetmnetidrir  E,M.F.'s  is  very 
unall  nhri)  lotniiated  with  iIiohc  uf  a  simple  gatt'anic 
celL  The  values  arc  t;iven  in  the  above  tabic  as  fractions 
nf  a  voll  with  rc9[>e<:t  to  lead  as  u  standard  nirtnl,  and  with 
0  diffctcnre  of  icmpiTalurc  of  ico'  C.bttwccn  tin- junctions. 
It  will  l>c  reincnilicted  thai  the  volt  ix  rather  l»s  than  the 
ICM.F  of  a  I>aiii<.-irx  tclL  The  IvM.K  in  any  case  is, 
with  certain  exccjdioiis,  neatly  pfojiortional  to  the  difference 
of  lcni)kcratUTe.  The  mctab  are  marked  }>c>sitive  and 
negative  wiih  regard  to  lead  in  the  same  «a)*  that  they  are 
regarded  as  +  and  •  id  *  fcal^-Anic  cell.  Hius  bUinulh 
causes  a  current  lo  |Utss  ihrougli  the  fiiH  junciinn,  the 
prindjuilMiot  of  the  K.M.I',,  towards  lead  jiirf  a.s  tlic  current 
flows  from  xinr  lo  cupper  in  a  battery.  Ilismulh  is,  there- 
fore, llvcrino  electrically  positive  to  lead. 

Since  the  difference  of  lemperalurc  of  the  junctioits 

delrrmine^  the  direction  and  magnitude  of  the  current,  the 

exiitcnrc    of   the    current   will,    viu   nrtJ,    dermmslrate  a 

liflerence  of  tem|ieraiure  at  the  junctions,     li  was  in  this 

ay  that  Peltier  demonstrated  the  reversible  heating  and 

[>Ung  effect  at  live  junction. 

A  I)  (Kig.    13S)  is  a  bi-tnetallic   bar   of  antimony  and 

^bistnulh,  the  end  A  l>eing  antimony  and  the  end  B  bismuth  ; 

the  ends  of  this  bar  are  joined  to  the  central  cups  of  the 

simple  mercury  commutator  C     The  two  far  tui»  of  the 

.  commut.ttor  are  joined  to  the  battery  K,  and  the  two  near 

cups  to  the  galvanometer  G.     Ily  Uirowing  over  the  movable 

switch   the  bar  can  lie   placed  either  in  circtnt  with  the 

Lt»aitery  or  in  circuit  with  the  (galvanometer.     If  the  bar  Iw 

rplaccd  first  io  ciKuil  with  the  galvanometer,  no  current  is 
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indintcd,  nil  |«K£  ol  ibe  (;m»it  licing  at  ihu  lume  tcinpen- 
tun.  Lrt  ih<  twiic)i  be  now  ifaxown  over  anil  ilie  ctirrc-nt 
(ram  Ok  batxcty  be  9CD(  ihroogb  the  Lot  ritifii  bhiniiih  la 
ntimoaf  fbr  a  few  roiiiutes.  On  throwing  taric  lh<-  switrh 
Uw  gaKanamclcr  «iD  be  dc6ected  hy  a  ciirrciit  Rowing 
thiongh  Hk  bar  frfxn  anlunoBy  to  bismuth,  ulii<'h  ^howit 
that  the  ;urK  lion  of  ihcK  two  mctob  has  lievti  r'<Wr</  by  iIk 
iMttct)-  (.-WTvtU-  If  the  conoectiona  with  the  Ixiitcr]-  be 
rcWTsM  anrf  the  lutlrtr  rnrtent  In?  sent  throui;lt  the  bir 


from  antimony  lo  bbrauth,  thi-  gaU-anowietLT  on  being 
jklaccd  in  circuit  will  show  thai  the  juncikin  wa:^  heated  by 
the  b«lie>)'  cuncni. 

I'ig.  136  shows  how  tlic  I'tUior  npss  niny  be  used  to 
rxltibii  the  nnie  nnuk.  When  tbettaitcr)-  current  is  passed 
Ihrouxh  the  jiUKlion  t  from  bbmuih  to  antimony  by  dtHui^ 
the  key  K,  ire  have  seen  thai  the  junction  is  i^ocilcil.  If 
the  ballery  >^im'm  he  broken  at  K.  and  the  key  K'  clo&cd 
N4  as  to  tompli-ic  the  jicah'annmeier  cimtiit,  a  current  will 
Ik  found  lo  How  from  anilmony  lu  bumtilh  acmst  r,  ihoe 
tun  currents  arc  indicated  by  ilic  arrows- 
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m  now  see  wh(;iK:o  the  cncrg)'  nf  the  (hcrmo- 
eleciTM*  cuneni  ii  dcrivinl.  If  ibv  t>i»:mulh-.intitnony  junc- 
tion in  a  rloKCil  melallic  circuit  b«  iH-nlcd,  a  cnrreni  Ifows 
acTOM  ihc  junctiufi  Crom  bisiimlh  to  iinuinony  ;  but  Mich  a 
cunent,  as  Pehicr  sliovred,  cools  the  junction,  or  in  oihrr 
yivt^ahi'ti'i  htat-fiKigy  »,\\hv\\imuon.  The  jiinrtion  is 
..coMcr  thnn  it  wmiUI  1>e  if  l3ic  cutrenl  diil  not  tl»w,  .ind  it 
)i  the  Iteat-ciKTjiy  wfiich  thus  diMi|>|K-ani  that  is  cnnveited 
lifcctly  into  the  eiwrKV  of  'he  clcciric  curcnl. 
Tbermo-EIectric  Inversion.— in  iSi^Cummingilis- 
a  new  thtrmo  ilci:trit  l.id.  Working  with  n  copiwr- 
I  Couple  ;>n(l  with  a  ij.ilranoineter  in  dnuil.  he  kept  one 
junction  at  n  contl.ini  low  tem|>erat\iiean(l gradually  heated 
klfi«  other.  A^  the  latlet  tcmiicr.tlurc  rose  he  otNcn-i-d  that 
fllve  current  after  a  lime  rose  lcs«  rapidly  than  the  temiiera- 
turc,  that  at  375'  C  it  cea»ed  to  ri»e  nllugutlier,  .in<l  that  if 
the  hot  junction  was  heated  beyond  this  )>oini  the  current 
diminished  until  it  fc1t  10  ura  atthouj^b  the  tcit)|R-rntuies 
of  the  two  junctions  were  widely  diffcrcni.  Heating  the  hot 
junction  still  further,  Cumming  foiuid  that  the  direction  of 
Ihc  ctirreni  was  actually  nrvrW. 

Su1im;i|iiciiI  ex)ierintents  have  Kiven  a  very  siinftle  ex- 
planattoi)  of  these  jthcnonicita.  <Jn  ex.i  mi  nation  it  has  been 
found  Utat  titcrv  is  no  Peltier  etfnrl  at  n  copiicriron  junction 
when  it  is  at  275'  C. ;  thai  Mmt'  this  teinpenilure  there  is 
the  usual  Peltier  effect,  and  copper  is  ihermo-ekctrii-ntly 
fittUhv  to  iron ;  and  that  rtA'rv-,  the  I'cliicf  effect  is  the  other 
jSray.  ar>d  the  rvlative  ]>osiiiont  o(  the  two  metals  arc  reversed. 
he  lempcraiure  of  ^73'  C.  is,  therefore,  called  the  wulnU 
nperatuie  for  copper  and  iron,  and  it  can  be  ahown  that 
one  junction  be  below  this  icmpcratuic  and  the  other 
iliove,  the  direction  of  Ihc-  rutrcni  dc[>cnds  upon  which 
juiKtion  is  iiK»t  distant  from  the  twtilial  tein|>ciaiure.  If 
Se  ccrfd  junction  is  nioot  distant,  the  (-unent  Is  in  the 
"usual   «ray  (as    shown    in    the   table)      but    if  the    hoi 
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Junction  U  Turitivsi  froni  the  neutral  point,  the  cuRcnt  » 
nxcneA. 

TMt  ilrange  betuviour  of  copper  and  iron  i«,  morfovei, 
only  pin  uf  ihe  more  general  oisc,  for  nuitt  juura  of  nicials 
linvr  ii  nciiltnl  teni|i»aiiin-  exhibiliiif;  (he  ume  pio]>eriiet, 
ihuiiKti  in  tniiny  tasn  ii  is  eiilicr  too  high  or  ion  luir  Toe 
ordinnry  cii[«rin)<:nL 

The  Thomson  Effect. — In  an  unctiuallyhuted  metallic 
cjtcuii  ilicrc  ii  ^lill  ;inoiher  rcvetsihk  J»eal  cff«i,  inudi 
Rnuilirr  in  amoinit  llinn  thv  I'ellier  effects  at  tlie  juHcttoi)& 
lU  irvutenci:  was  theoretically  predicted  and  e^pcritncntaUy 
demimitntcd  by  \jotA  Kdvin  (then  Sir  Willtatn  Thomson), 
who  iliitwc<I  tlial  the  pnssAgc  ol  a  rutreni  tmm  ihe  coW 
lo  the  hut  pan  of  nil  iineiiiiiilly  heaie<l  co[)i>er  conduclof 
cxwied  tlie  conductor,  and  that  its  pussngc  \a  the  opposite 
direction  healed  Ihc  conductor-  'ITicsc  reversible  cflfeci» 
tntist  not  he  cwifounded  with  the  ir^cvc^^il>k■  .ind  usually 
much  ^ealcr  ftictional  heating  which  atnays  accompanies 
the  cuircnl,  for  they  are  iiUperposed  upon  this  Litter,  causing 
il  10  be  a  little  less  in  the  first  case  and  a  tittle  {^<ilcr  in  the 
second.  In  iron  the  effect  is  of  the  opiiwiie  kind,  the 
passage  Uam  hot  to  col<l  cooling  iron  and  from  co)d  to 
liot  beating  it. 

The  cxpctiincnts  so  far  considered  relate  to  thermo- 
electric clfecls  in,  and  nt  the  jundioii  oi,  melah,  tnii  the 
Scebe<;lc  and  I'eltier  effe«s  have  alJO  been  observed  at  the 
junctions  of  metals  and  electrolytes,  and  ai  the  junctions  of 
two  ekctrolytrs.  To  consider  these  fully  would  lead  tis  too 
(ar  aRdd,  but  ns  an  indication  of  the  magnitude  of  the 
phenomciu.  we  may  mention  that  two  plates  of  amal^raatcd 
line  dipping  in  zinc  sulplute  solution  dc^-dop  a  thermo- 
electric pressure  of  jio-inillionlhs  of  a  volt  per  i'  C. 
difference  of  tcmjicratures. 
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Thepmoplles. 

In  order  to  increase  lite  very  snull  E-M.F.'s  given  in 
the  Ubk  on  pd£C  14S,  two  nythods  may  be  employed. 
First,  th<:  tcmpcrntiirc  differcnneJi  of  lh«  Itoi  and  colt! 
junctions  majr  be  incn;aied,  fur  the  EM.F.'&  in  the  tabic 
arc  lliow  due  to  a  tcmpcTattiic  difference  of  too'  C.  only. 
This  is  done  uhcn  it  is  iltsiicd  to  use  the  arningcmcnt  as  a 
current  generator,  but  n  limit  rs  u.x>n  rea>ched  tn  the  |>o«»ible 
lemfwralure  of  t)i«  hut  junction,  which  at  t)vc  outside  inuu 
not  be  raised  beyond  the  fusing-point  of  the  more  fusible  of 
I  be  two  metals. 

AnotlKr  nidhiid  lit  to  Iresi  the  thermo-eleclric  junrlioits 
><i  cclU  arc  iiealctt  nhen  high  E.M.  K.'x  nte  rciiuttcil,  that  is, 
lo  I  ml  them  "in  series'  with  one  another,  'Ibis  is  espe- 
cially useful  when  it  is  denred  to  use  the  phenomena  to 
detect  >mall  <-hange»  in  lenipcraturv.  The  method  will  lie 
understood  by  an  in- 
spection of  Fig.  139,  which 
shows  six  bars  of  tiro 
metal.s,  say  antimony  and 
hismuili,  3rr3Ti};ed  in  thi.^ 
way  m  a  thermoelectric 
battery.  Now  the  cumnit 
f!i>«-K  from  bttmuih  to 
antimony  Mtw»  the  Iwt 
junction,  atvd  therefore, 
since  the  metals  oocor 
allcriialcly  in  the  Hrcuit, 
it  is  obviiius  that  only  ntfernatt  jnntlioHi  niust  ijc  t'\p(>sv<l 
to  the  soutct  of  beat,  for  if  all  the  junrlions  were  bcaiod, 
their  luM.F.'s  would  oppose  one  another.  Thus,  if  the 
junctions  1.  j  and  5  are  heated,  an  Iv.M.F.  will  be  set  up 
U  each  of  them  tending  10  drive  clcctriciiy  from  bismuth  to 
antimony  rctoss  the  junction;  but  all  these  E.M.F.'«  ait  in 
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Ihc  name  clirif^lion  round  llic  <:ircuit.  And  their  cflvcli  x 
therefore  attdcd  togullicr  in  lltat  cJKitil.  The  junctionii 
ind  4  and  the  left-hand  t-ndn  of  the  extreme  )Min  are, 
course,  to  he  kqit  oibl.      ^ 

A  icrii'M  uf  junctiuns  Mimitai  lo  those  in  Vt^.  ty)  ma; 
obviouitly  he  placed  on  top  nf  unc  another  with  insulati' 
nuitcrial  bclvrvcii,  and  the  electrical  conneriiotw  to  mnifc 
ilint  nil  tlii:  K.M.K'iatthchot  junctions  Are  added  logethcr. 

In    ilii*     way    thcnno> 
piles,     Hich      as     ih. 
»howR  m  V'\^  140,  m 
huilt  uji  into  A  convc 
riitrni  r<>tm  for  iliv  |i.i: 
ticubr    cApctinicnt    h 
which  thi:y  are  tlcs^c 
'Itic  one  in  Fig.  14015 
the     pattern     used 
Mclluni  in  his  rtrsvArchcs 
on    radiant    hcu.      0\ 
the  left'batK)  side  of  li 
pile  10  bi-mctallir  junc- 
lioDs  oic  cxjfased,   hut 
ihcrntopilcB  hare  been 
huilt     contaioing     1 00, 
150,  Of  nwrc  jiiactionj 
a   «m*ll  «{iacc.       The   tcnuinals   .1    and  y  are   in   ton- 
nvrlliHi   with  the  two  ends  ol   the  pile,    and    when  joined 
la  a  tuiuble  and  delicate  galvanometer,  ilie  com b! nation 
Ibtrns   a   motit     nluuble  arranj^cment    Tor    the    tk-td  iioii 
of   tnioQie    diflcrcneo    v4    iemi)crnture.     The    tum]j;vii. 
ihemioptle   as    used    by    Melloni    is  shown    in    \\f,  14 
One    ciid    i^   furimhcd   with   a    cone    C   to  convergv 
ndiutl    nravo    on    to    ooe   (ace  of  the   pile,    and 
opposite  face  ia  icreeni:d  from  outside  distiirtxinces  by 
little  shutter.     The  arrows  ithon  the  direction  ol  the  cum 
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ass 


whci)  titc  riglK-h.ind  fax  is  warmed.  With  llii&  inslnimcnt 
^[cll<mi  W2S  able  to  delect  dilTercnces  of  temperature  no 
grcnler  than  the  f.^'g^  p»n  of  a  degree. 

Th  KKMOPI  I.E-G  AL  VANOMr.TIUtS. 

1^  extriiorditurjr   dclicac)-  of  Melloni's    tbcrinopilc, 
conibJiwd  with  a  suitAble  galvanometer  for  deti:t:ting  soul) 


Fie-  t|l.— MellDi.^     I 

diifcrenccs  of  temperature,  soon  led  e\p«imemers  to  allempt 
the  solution  of  ilic  piobtcni  of  still  further  increasing  the 
delicacy. 

One  suggestion  nhith  sceiiKd  to  |>romne  sucxress  was 
to  do  a«ny  uitli  the  ouixide  ttalv^inometer  and  ui.ilcc  one 
insUumeiii  of  tlw  Ihernioptle  and  ihc  galvanometer,  ihii.t 
producing  a  fAermo/ri^S''^tMHfimfftr.  The  earliest  worker 
in  lhi.<  direction  was  Sliirgeon.  who  in  1856  constructed 
insuuiiicntK  ciijxiblc  of  irvdtcating  very  amalt  differences  of 
kmiieTatUTC.     We  shall  refer  lo  hi:i  work  presently. 
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Professor  Forbes  in  iS86*  constnicted  tlvc  tlKimopilc 
lIVAnumclcr,  shown  in  l-'ig.  r4>.     It  and  A  arc  iwo  ircdgv- 
bspcd  blocks  of  tunnulh  nnd  Aniiinoiijr  koUlervd  together, 
and  at  ilie  thin  end  of  tlw  wedge  a  Itok  in  hofvd  thtoii^ 


the  junction  equally  out  of  each  mclaL  On  the  thin  side 
of  tlK  hole  the  nKtals  arc  Akd  avay  t|uitc  thin,  and  the 
ooiiaidtf  fatu  a  blackened  ai  the  junction  so  as  to  abitorh 


T'itKK.HOf/t.H  (f-ilfi/roMs  rants. 


'57 


ndiant  viwrgy  the  mure  rvuilil/.  IT  thix  fncc  on  tiic  right- 
Iwnd  *iJc  in  ihe  fijttirc  tic  !>1i);)itly  u'nfn)e<t.  a  iiirrwit  will  be 
«ct  u(i  uliith  will  Aiiw  (lowti  frum  ihc  bisniuilk  to  ilic 
aniimiHiy  tin  the  ri^lii,  \m\\  atony  ihc  lowvr  block,  wp 
through  llic  thick  junction  oo  the  td'l,  nnd  cnm|ilei(.-  )!« 
nioiii  in  the  iMmiilh.  Now,  nlihough  (l>c  F.M.f.  ai  the 
juiti-tiiKi  i<  vcty  Kinnll,  yet  ihc  ciincni  (tcvclojied  mjiy  be 
■|uiic  a  Urt^v  une— n*  wc  sliall  s«c  in  ihc  ncxi  cli.ij)li-r^ 
Itctaiuc  of  t)ic  extremely  smAll  T«!(i»ian<:c  of  tlw  cirniit. 
This  CHrrcni  circulates  totind  lh«  hole  in  the  btoc^,  and 
in  tliis  hole,  tlierefore,  u  maf^nciic  field  is  licl  ui>,  which 
will  iJTcrt  a  cldicaldy  MnpendM  in-lgnetii-  needle  i^nccd 
in  it.  \  ityiitcni  of  tlirce  nimH  needteri  in  Ml^{>elldcd  there 
by  mwns  of  a  wire  IUssiI^;  ibrouKh  a  sn].i1l  verticil  hole 
in  the  Ujfpci  Mwk,  At  Ihc  isyp  of  this  wire  there  is  a  little 
mirror  and  dam|iiit^  vano  N,  ami  iht  whule  is  hung  from 
the  iu[it>ort  S  by  mc.^ns  of  a  fine  silk  fibre  /  This  is  then 
placM]  in  Ihu  case  with  the  ntirror  op|>ositc  the  window  W, 
and  the  thin  junction  0|>|Hbite  t)ie  (-on«  C  The  radiAiions 
arc  direclcd  on  to  tlw  jurKiion  by  this  cone,  curruiitH  are 
set  up  in  ih«  coil,  and  the  mo^-cnicnts  of  the  needle  and 
mirror  are  ot)»erve<l  by  means  of  one  of  the  rlevices 
(leMCrilicd  in  detail  on  i>ai;e  347.  I'hew:  movements  ha\-e 
a  definite  relation  to  the  ditTciencc  of  temperatures  of  Ihc 
thin  and  the  thick  jimciions,  and  cm  be  cmplo)-cd  to 
measure  the  difference.  \\'ith  thi.t  nrmngemen!,  the  pre- 
sence of  a  candU.'  Hame  can  be  readily  detectetl  at  a  distance 
of  some  yards. 


The  Radio- MiCROMCTEJt. 

But  Professor  Boy«i  has  since  eonatiuctcd  a  br  tnorc 
BCRStti^-e  insinmient,  which  he  calls  the  rmfU-mhivinf/er, 
\icCMX»e  \A  its  jiowcr  of  dcleiting  the  preitence  oJ  ex- 
cessively minute  quantities  of  radiant  energy. 
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Ill  nil  ncalvADomcten  for  tnca-Huring  the  etectric  cuneot 
llic  cfTcil  iH  {HDtliKed,  js  we  sImII  ahow  in  dctiul  in  ■ 
»iilmi|iK'nl  c}ia|>ter,'  by  the  interaction  of  two  ina);nclic 
DdilK,  unc  At  Icnst  of  nhkh  is  elite  to  tiK'  current  to  lie 
moiHureil.  Oiic  of  these  fields  is  free  to  rnvvc,  anO  the 
tnrreiit  \*,  nicnsured  citticr  by  tlie  actual  nicilioii,  or  in  wnw 
iXv\KniXe\f\  H'ny  whieli  wc  need  not  imw  consider.  In  a 
Ix-niilifitl  si-iK-K  of  iiKtminents,  of  which  M.  l>'Arumva)'« 
lt.ilvAmritKtoi  (l-'ig,  i&r)  mny  Iw  tnken  u^  a  ty[ic,  the 
ciirrcnl  i*  ncnt  toiiikI  a  eonductini'  \<M\t  suspended  bjr  a 
wire  in  I  Ktruni;  nuiKO<''tc  lield.  tVlien  the  ctiinnt  lusset 
thrtiU)(h  il.  tbe  loo|>  iokIk  to  t<t  ilx  ]iUn«  nt  right  ;ingln 
lo  th<'  ficM.  bill  ill  doinj;  so  twists  the  suspei)dtii(:  wire, 
uiid  tlio  anxk'  lhtou(tli  which  it  actually  mores  measure* 
the  strength  of  tlic  current 

Now  it  is  obi'ious  ih«t  if  the  whole  iheimo-eletiric  cimiit 
be  siisiwndwl  in  this  way  in  a  powerful  magnetic  field,  it* 
rcsisunoc  can  be  made  very  small,  so  that  even  a  vety 
minute  cleciroinotive  force  at  one  of  the  junctions  ma^ 
caiiHC  a  ftul)i<:ienl  current  to  deflect  the  fiicuit  through  s 
Beiniblc  angle,  hforcover,  since  the  current  b  generatetl 
in  the  fciuiKiulcd  coil  itnetf,  we  may  use  something  far  more 
delicate  tlun  a  nteiiillic  conducting  wire  for  the  suspension, 
and  tliiK  still  further  incieasc  the  sensitivenisa  of  the 
apiiiiiiiiiiH. 

Tile  first  to  employ  thb  niettiod  was  Sturgeon,  who  in 
iS.'jA )  Dtispcnded  little  thenno-elcciric  circuits  in  front  of 
t)te  |>oles  of  a  magnet.  M.  U'Arsonval  and  Professor  Boys, 
both  quite  indci>ciHlcntly,  re  invented  (he  method  in  1886 
and  1IW7  re«iiccnveiy.  The  biitr,  on  laving  his  attention 
called  to  Sturgeon's  ««r1t,  conslnKtcd  an  instnimeot  ac 
cording  to  the  ttesirriplioD  given  by  Siur);eoo,  and  found 
il  to  be  ••  (-ap-iblc  of  showing  very  Moall  elTocts  of  heat." 

'  Kit  rt-,  Clu|i4cr  IX.,  pf>.  jjs  to  jSj. 

'  SiitntiSi  flueania,  tijr  WXlIUni  Sntqieon. 
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Tlw  |icifKi|i)tM>f  lhcr4(li(vtnkfonieict  will  («■  und(.TKiiH)d 
from  an  insjKClioii  or  Fig.  143,'  which  rcpfcscnu  ihc  sns- 
(lendiKl  circuit  af  one  of  the  cnrl)'  forms.  Two  small  sheets 
of  .inlimiinj,  sir,  and  liiMniilh,  /ti,  ak  nil  m  th<;  sli.i](e 
iluiwn,  jnil  voldcTCtl  tofjciher  alonft  the  veriicat  jtinctioit- 
Tlu-  »|)|icr  (iH-nere  remote  from  the  junction  arc  con- 
nrcicd  (ly  a  rcrianglc  of  ttiin  copju-r  wire.  This  is  then 
susjvrHJn]  !>)'  the  rod  a,  and  a  deUt-ale  fibre  not  xhoini  in 
t)ic%irc,  lietween  the  |)o!cs,  JV S.  of  ;i  jioiietful  |iernuT)cnt 
ni«Snct,  and  lo  (iitlher  intensify  the  field  a  liloek  of  soft 


Fit.  M^'KmI]!  haM«fih(  Riilio-UicRinKUi. 

iron  is  fixed  in  the  space  surrounded  by  the  recianftiibr 
looft.  A  little  ligtit  mirror  is  .iit.-i('hcd  lo  a,  and  the  move 
mcnts  of  the  ttiiangle  an;  oJiserveil  by  methods  which  will 
be  deserihed  in  detail  later.'  If  now  radiant  energy  br 
dirKted  on  to  the  bne  between  Sb  and  Bi,  whilxt  ibc 
rcinoicr  junctions  are  Krecned,  a  cuncnt  will  flow  from 
Bi  to  S/>  across  this  Junction,  and  <om|)tclc  its  circuit 
through  the  copiM.'t  roctaiigtc.  The  Miipeti<U'<!  looji  will 
lend  to  turn  in  the  magnetic  field,  but  this  tendency  will 
be  rnistcd  by  the  tonion  of  the  toiipcndiDg  fibre.  The 
'  mUi^^'ttl  TraniailUni,  IS89  A. 

R    I 
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nciual  motion  will  cIcjnmk]  U)wn  lh«  runvnt  strcnglh,  and, 
since  the  circuit  re«iHUnr>c  U  constani,  upon  the  E.M.K  ai 
the  junction ;  thererorc,  linally  (t  will  bcai  wmc  proportion 


I  it,  lit. 


to  the  aiDOuni  of  indiani  energy  directed  tijion  the  jiinclioiit 
and  lan  be  made  to  rkimuc  that  cncr^'. 

Not    contctit   with   tlie   prrfonaonces  of  lliia  delicate 


The  Haoiu-Mickcmstbk.  a6i 

intlnimcnl,  I'rofc.vsoT  Boys  tnltiol  into  an  cliiliuulc  mallw- 
iiiaitcnl  calculation  willi  ihe  objci  t  of  dclLTinining  ihu  bc^l 
projwition*  for  (he  various  jiarls.  The  result  wa^  the  pro- 
ductmn  of  (he  insltumcni  icprc&cntcd  in  I'igv  iaa  '^^^  MS' 
Two  small  bars.  Si  and  Bi,  of  cviUiin  alloys  of  anlimonj- 
and  biHmuih,  nhkh  w»e  foui>d  (<>  be  mote  suitable  tb?n 
the  pure  ntelals  ate  sotdered  at  their  lower  cndi  to  u  Miiall 
disc  Cm  of  copper  foil  These  bars  rocasuiv  i  x  ,'a  x  jJc 
ijich,  and  are,  iHereforc,  very  winall ;  the  copper  disc  is  only 
,'o  inch  in  diaiiteicr.  The  upper  ends  of  Sii  and  Jli  are 
soldered  to  a  very  fine  piece  of  copper  wire,  bent  in(o 
ibc  fotm  of  a  little  circuit  i  inch  Iodj;  and  about  i'„  inch 
nidc  I'his  is  ^stcned  to  a  connecting  stem,  to  which  is 
attached  a  liule  mirror  m,  ,\,  inch  8<iuarc.  and  ,},,-,  inch 
thidu  The  whole  is  sus|)endcd  by  a  single  <|uuiijr  fibre 
4  inches  long  and  ^^\a  inch  in  diameter.  Il  may  be  men- 
tioned incidentally  that  it  was  during  the  evolution  of  this 
imuumciit  (hat  Professor  Hoys  investigated  the  ptoj>eTti«s 
of  thene  excc-viively  fine  quarter  fibrvs,  and  invented  his  in- 
|tenioii.t  luethud  of  making  them.  The  whole  suspended 
arrangement  now  described  is  placed  m  a  brass  lube  as 
shown  in  I*ig.  144,  and  fixed  so  that  the  cupper  nire  circuit 
lies  between  the  |x>]es,  N  S,  of  a  powerful  magnet.  And 
here  an  interesting'  dct<iit  occurs,  bismuth  and  nnlimony 
liavc  both  sufficiently  strong  majcnetic  piopertiet  to  destroy 
the  u)«fuln»s  of  .-sueh  a  <Micate  in.struincnt  if  tlie  bars 
•S^aDdy^rwereplacediiiasirong  magnetic  field.  It  is  therefore 
necessary  to  urttn  them  nuignt:tJc;illy,  and  this  is  done  by 
placing  them  in  the  midst  ol  a  btock  of  iron,  which  is  shown 
by  darker  shading  in  Kig.  144.  The  lines  of  force  from  N 
to  S,  which  irouUI  otitcrwise  have  )>assed  through  the  space 
occupied  by  the  Ihernio- electric  Iwrs,  tun  tlirotigh  the 
iron  liy  preference,  ami  thus  leave  this  space  ilcar  aj»d 
free  from  tna^jnetic  lines. 

The  radiations  are  directed  on  to  the  thin  dise  of  co]>per 
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foil  through  the  natrow  hok  in  the  lover  block  of  mctaL 
So  Ihin  and  light  is  this  foil  thai  very  little  henl  xuAccn  (o 
chnngi:  its  temperaluie,  anA  tiK  KnuUvxt  <-han}ji.-  of  lcTU|>er- 
alure  at  once  M.'ts  u|i  an  electiit*  t)n«sure  ai  the  .S^,  Si 
junctions,  aiiach«l  to  il.  This  cjuscs  «  currcitl  in  ili« 
circuit,  whicit  ilicTd<>iv  ruiatcs  in  the  magncii*'  Mi\  until 
pullnl  ii|>  by  the  tonion  of  the  (\iiu\r.  Abte. 

The  itiMiumcnl  is  i-xiraordiniuily  sensiiive.  Ii  t*  tal- 
cuUlcd  that  a  readable  deflection  can  be  obuincd  l>y  n  riu 
of  iL-mperatiiro  of  the  copjvr  Toil  not  grtMtct  th^fl  one 
Riilliunth  oi  a  degree,  and  cxj)erimeiil  titom  llal  a  (nove- 
nieni  csn  be  obtained  by  directing  on  to  the  foil  a  qiiAntil;f  of 
Heal  no  greater  than  would  be  radiated  on  to  «  hairpciiny 
by  a  candte-Bame  1,530  feet  awxy  from  it.  Still  Itirilicr 
fiensilivencss  has  I>eeii  more  recently  atuined,  and  Profetuor 
Boys  &utes  that  he  can  now  delect  the  radiaiioitt  froni  a 
CAndlc  at  a  distance  of  two  niilcs- 


COMMEKCIAl.  Ttl KRMOPII.es. 

'J'he  problem  of  utilising  thermopiles  for  the  production 
erf  the  currents  reijuirtil  in  the  variwis  appliiMikins  of 
eleclriciiy  has  alwAj^  attiaclcd  a  grc-at  <teal  of  attention, 
since  by  their  means  wu  diiecily  convert  heat  i-oerjiy, 
which  is  readily  procurable,  into  the  energy  of  electric 
currents.  Also,  i>inec  the  juth  of  the  current  through  the 
thcrniopile  lies  thruutili  metals  ur  alluj*  which  arc  ffmA 
conductors,  the  internal  resistance  of  Ihe  aiianxeniviii  can 
be  made  very  small.  On  the  other  hand,  the  greatest 
drawback  is  the  tmallm-s*  of  the  Iv-H.F.'s  ptotliiecd  at  each 
junction  with  any  practicable  lenipi-iniurc,  ihii:^  norxntat- 
in};  die  employment  of  a  t;ical  iiun>l>er  ul  "  cotiples "  if  an 
E.M.K  of  ui«ful  iiugniuidc  is  to  be  produced.  Also  the 
■art  that  the  nuteriaU  of  the  thermopile  arc  not  only  good 
condm  tors  of  ekcitidty,  Uit  aUo  iif  heat,  milti  -nst 

il!i  success.     Fot  the  effects  sMij;ht  dc'i^cnd  un  il  nn 
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or  Icmpentture  belnreen  the  hot  .ind  the  (.-old  junctions, 
and  this  difference  ihv  good  ihwinal  conduciiviiy  of  the 
uuticTUU  lends  co  icniOTc.  Then,  again,  ihc  IVItiii  cffctis 
ai  lilt  iwo  jum  lionv  tciid  10  e<iualitii:  ihcir  icmperatureit,  fi>r 
thtR  elTect  coolx  the  hot  and  warins  the  told  junt^lion.  But 
perhaps    the    givate&t    |)raclical    difficulty  b  due  to  (he 


-^JL.' 
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unequal  eodKcients  of  expnitsion  of  t)ie  malcriaU  cm- 
plojcd.  As  a  thciniopilc  in  intcmiittcDt  uw  U  being 
continually  cooled  and  livatcd,  ihcNi:  inci|tialitic3  of  ex- 
IsmHion  and  (untntiion  lend  In  rack  it  to  picLi's.  Indeed, 
it  is  prabalile  that  a  single  heniing  and  cooling  leads  to 
more  wear  and  tear  tlian  kouW  result  from  a  kjng-continuttl 
!  of  the  pile  with  its  best  working  current  dowii^. 
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These  being  ilw:  chief  diflktiltics.  wlii<:h  U|>  1«  llM 
prcwnt  have  not  been  wty  sutxcM/iilty  iivcTCoinr,  wc  »\\a.)X 
conteni  ourseUes  by  UeNcribinx  two  m[H]«ni  ftwiiu  oi 
thcTnio)iiks,  which  may  l>c  laken  as  tyfics  of  the  ttest  that 
luvc  bct-'ti  produced. 

One  of  the  well  known  thcrmojnWs  ol  Cbnionil  U  xhuwn 
in  Ki(!.  146-  It  coniisw  wf  lifij  pain  of  elcinenw,  and  U 
•irranKcd  ^o  that  thi:  heat  can  be  obtnrited  liy  burninj;  conl 


ti*-  •«^S«U«>ul  l'b»  (i  OnoMi'*  TlMBXplk. 


^«.  'I*he  |uin  of  elciiieiiU  are  smangi-d  abuv«  one  ;inuther 
in  five  tiers  insulated  fiuin  one  another,  and  each  <-ontaining 
Icn  p>iiB,  the  aiTangcincnl  of  cadi  tier  being  »%  depklcd  in 
l-'tg-  147.  Uach  pair  of  cicmvnis  cunsisls  of  .1  piece-  of 
»!>cet-i(on,  K,  of  the  shnpe  Khown,  and  a  eoinjuia lively 
iiiaxsive  Hwk,  A,  niadv  of  an  alloy  consUtin^  of  two  jiarts 
of  amimouy  and  one  [wirt  of  tine.  The  suc-ees&ive  junctions 
are  allcrnalely  In  the  ccnual  cylindrical  space,  S,  and  on  the 
oin«idc  of  the  pilC'     '['hey  htc  nnmbercd  contecutively  m 
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Htreciion  in  which  tlit*  ciirtcnt  Utnis  lo  How  when  the 
iniwr  jiincuoiis  nrc  hciiti-d,  aiitl  thus  the  |iaih  of  the  current 
thrmigh  the  pile  can  cosily  be  iniced.  The  pecuhar  imo- 
jecting  sliapc  given  lo  the  &heet-iron  is  fur  the  jitirpose 
of  exposing  a  large  surface  lo  the  cooling  action  of  il>c 
ouutide    air    in    order  lo  at^isl    in   keeping  the  external 


junctions  c«ol.  In  some  Urge  thermopiles  sheets  of  copper 
(irojeciing  ouiwariU  »v  .-ilt.irbi.-d  10  the  cold  junctions  for 
the  purfiou:  of  more  freely  radialin^;  the  iicjit  whith  i.-» 
gcner.itcd  in  these  by  Ihc  Peltier  cITcct,  and  that  also  which 
rcicliei  ihem  l>)*  coiKlueiion  from  the  hot  junctions  llicse 
copper  nulbum  ttiiu  lAny  on  imjwrtant  pail  in  ihc  action 
vA  the  apparatus. 
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After  ll>e  various  Iictk  arc  built  up  otm  owj  nnulher,  a 
lii)>tilar  gas-hiiiner,  of  poirilain  wriiti  linle  tioks  opfiositc 
each  inner  junction,  is  fixc<l  in  the  rcnlnil  >imw.  Fnim 
these  holes  »tnall  gas  flames  \Aa,y  U|)oii  ibc  juncltoDs,  wlttch 
arc.  however,  [KOte<:lc()  from  the  <Iit«  l  Jirtton  of  die  fUmea , 
I))' astxTSlos cement.  Underiliinedrruni^i^iiiccs.eiic.hthcnno' 
ckttric  <:oti|>lc  devolojjs  an  E.M.  F.  nf  about  one-tliiiticth  of  a 
voU,  an<l  ihv  whol«  I'~M.K.  of  thv  fifty  pairs  U  about  rS 
volts,  ihe  coitnumptiun  of  i;as  being  six  rubic  feci  per  hour. 


In  1879  I>u  Muncel  constnitted  the  mitrh  largcrJ 
Oaniond  Pile  ihown  in  Fij;,  148.  Tliii  |iile  wa.i  l>eaie<J  by' 
a  coke  furnace,  the  hot  gasci  from  which  paued  10  tfae 
chimney  A.  through  the  cyhndric  Hues  as  shown  by  the 
anows.  The  couples  C  arc  arranged  round  the  outside 
of  ihc  anmila*  cylimlrk  spat*  1'.  Coplict  mdui-irs  H  are 
atta>(^)ied  to  live  outer  junctions,  but  are,  at  cxtuiw,  etcctric- 
ally  insulated  from  Ibem.  The  pile  consist  of  two  scpantc 
lultcrivi  of  3,000  coupler  each  divided  rnto  50  sd^  of 
too  couples.      Each    battcr>'  tus  a   total    F...M.F.  uf    109 
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vollf,  and  an  inlcma!  resistance  of  I5'5  ohins,  and  the  two 
togcllicr  continue  ii\b.  of  coke  per  hour. 

live  (ifllcboT  (h«rmoi>ile  sivovm  in  Fig.  1 49  wiu  exhibited 
at  the  KranVfoTl  EKhtbitton  of  iKi/i.  It  ixynnHtK  of  fifty 
thctmo-e  lit  trie  couples,  the  eleirt  to- positive  eletncnt  of  each 
[Klir  bcint;  a  lulic  of  nickel  Fifiy  of  these  nickel  lulws  arc 
ananged  in  two  lows  down  ttic  centre  of  (he  \»W ;  they  are, 
of  coune,  inHulaied  from  one  anoihei,  and  »ch  tube 
surriMimlH  ihi:  Ibiue  of  a  sntall  onc-holc  MniMtune  i;a.s- 
bufner.  ITie  iie);ativc  clcnieiils  consist  of  rectangiil.tr 
blocks  uf  an  alloy  of  anlimony  having  a  high  melting-|>oint. 
There  are  iwent>-live  of  these  blocks  on  either  side,  and 
eacJi  block  i»  connw-ted  lo  unc  of  the  nickel  iiihes  l>y  a 
nickel  connecting  [jitcc.  The  various  couples  are  iiisuUled 
froin  unc  another  bjr  sheets  of  asbestos,  and  the  necessary 
electric  nonn«ctiuns  arc  made  bj-  copper  sheets,  which,  pro- 
jeciii)g  outnards,  ntsu  serve  as  radialois. 

One  of  these  i)ile3  burning  6-7  cubic  feet  of  gas  per  hour 
has  an  E.M.F.  of  j'S  volis,  and  when  giving  a  current  of 
4-63  ampi^rcE  has  nn  cMtmal  |>otentUl  difference  of  19 
vulls,  thus  i.Hving  a  ittefiit  uutjiut  of  3*8  watts.  In  order 
to  compare  this  lusull  with  a  gas  engine  and  <i)'nanio.  we 
ntay  take  the  useful  output  of  four  such  piles,  burning  36'S 
culwr  feel  [ler  hour,  as  35':  watts.  Itui  the  useful  output 
of  a  sniall  gai  engine  and  <!)nauio  burning  the  untc 
•juantity  of  g.is  would  not  l>c  less  that  650  watis,  or  about 
tSt  times  that  of  the  four  thermopiles,  llcti  Gukber 
claims  that  this  Iherniopilc  is  the  most  ecunomkal  yet 
produced,  and  these  figuiei  will  therefore  enable  the 
reader  to  cotnpaie  the  rebii^e  values  of  the  meehanica) 
and  iheimal  rocthodsof  producing  electrical  curieni  energy 
from  the  same  source,  namely,  coal-gas. 

f^uite  recently  a  tlH-rnio-electric  stove  h:L-<  been  devised 
fat  household  unc.  I'be  stove  is  of  nn  ordiiuty  ty|K-,  and 
Its  priDiaiy  object  is  for  heating  purposes,  but  a  tbcrmo|i)l« 
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is  nrninged  in  connection  with  it  in  nich  i,  mj  Ant  the 
-.vasit  heat  of  the  stove  is  utilised  to  genertie  an  electric 
i-urrt:nt,  which  is  said  to  develop  «  useful  power  of  30  to  40 
watts.  As  this  [lower  is  obtained  from  heat  which  would 
othtrwisu  be  wasted,  the  device  may  lead  to  tome  useful 
Ikractical  result. 
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CHAI'IKK  VI. 

LAW    OF    CONDUCTION. 

In  the  preceding  scciion  we  have  described  in  detail  the 
various  methods  by  which  the  clcitric  ciirient  capi  be 
[troduced  or  genernu-d,  and  incidctiLitlj-  vfc  li-ivt,  from  iiin<: 
to  time,  tefcncd  to  the  law§  which  regulate  the  flow  of  the 
niTrent  or  govcm  the  jihcnomt-na  which,  cilhcr  invariably, 
or  under  reruin  circumMances,  :k(TOiii|iany  il.  The 
quanliUitive  staieinent  of  lliese  laws  has  lieeii  avoided, 
cxrc|)t  so  far  as  was  absolmcly  mccsiiary  to  elucidate 
iniponant  points  connected  with  ihc  methods  of  gciteralion. 
Hut  these  melhixh  having,  *e  hope,  l»ecn  now  mn<le  clear 
to  our  leaders,  it  will  be  imnt  iiueiesting  to  turn  to  the 
quantitative  aspea  of  the  laws  referred  to.  This  will  not 
l)c  found  to  demand  any  concentrated  effort,  for  the 
liindanwntal  law«  are  grand  in  tlieir  siinjiliciiy,  and  it  is 
with  theitc  only  ilinl  we  propose  to  deAl.  The  consideiatioii 
of  them  naturally  leacU  to  a  description  of  the  numerous 
beautiful  measuring  instiumcnls  which  are  used  iit  clectric- 
cuneni  work,  and  to  this  description  we  shall  devote  a 
special  cltapter. 

After  explaining  the  bw  of  conduction,  we  ^hall  deal 
with  the  thrc*'  chnracl eristic  effects  of  the  current,  then 
with  measuring  insi  rumen  Is,  aiul  )a>tl)',  a.i  being  more 
conveniently  dealt  with  in  one  place,  the  moditkalioni 
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iniroduoed,  .ind  the  aaficci  of  ihc  l.iws  when  lite  eiirnints 
Arc  cither  lluctuatin^  or  allcmaiing. 

V^'hcn  in  the  tight  ol  niwlcrii  icJencc  wc  Inok  (tack  upon 
ihe  MimJiciiy  of  the  Uw  ir»volvc<l,  it  is  slaimil  iiicrcdlblc 
that  many  ycntu  sliould  hav-c  clajMei)  l>rlw«^ni  Voltn'ij 
discovCTj-  of  the  chcmicil  mctliod  of  [>rodu<-inj;  a  stend)' 
(low  of  eleclricitjr  in  ■  mnductiiii;  d)<;tih,  and  iIk 
en II nr in t ion  nf  the  condiliont  jnovcnnng  that  flint-.  Ftui, 
as  in  wvifiil  oiher  <,ia«  of  greni  disi :<ivrrics,  ihr  Hiniplicity 
of  tite  K^ntTalisiition  to,  pctliaiM,  the  lic&t  tacnMirc  uf  iu 
grandeur.  For,  on  Ihc  one  tund,  ihc  bn  is  w  sin)[)tc,  llui, 
likv  the  bw  of  cmvitaiioD,  tlw-  least  intitmct^il  can  ^ ra«ji  its 
-kiKDit'ioan' c  .tnd  vAtue,  and  yet,  on  the  odux  h^ind,  like  the 
lame  Uw,  ihc  (ull  c>)ilanat>on  of  il  Mill  ofTcis  snmi-  of  the 
grandm  prottlcoK  to  ihc  con^cmtion  of  the  searcher  aAcr 
tnilh.  To  ihe  genius  of  G.  S.  Ohm,  of  MunH-li,  we  gne 
the  clear  enunciation  of  die  bw  winch  he  gave  In  the  world 
in  i&tj,  in  a  pcimfhlcl  entitled.  "Die  Gaivanische  Kctie 
Mathcmatiich  Rcaiticiict."  From  the  name  of  itsdiiM-ovcTcr 
it  i«  known  as  Ohm'N  law,  and  is  one  of  the  most  fat- 
reaching:  .imt  im|>'>rtint  laws  in  the  wliok  realm  of  )>l)y ■>»'». 

Ohm's  Law.  Stated  in  its  lialdesi  funn,  this  celcl>Tnied 
law  asserts  that  the  ratio  of  the  cledric  pressure  in  anjr  pan 
of  a  conducting  rircuit  to  the  cleclric  cuircnt  th.it  it  pro- 
iliices  in  that  part  of  the  circuit  is  always  the  same,  no 
maltvr  Iww  great  or  how  sjn.ill  the  [iresnire  and  current 
may  lie.  Thus,  if  a  |^»entul  (tifrercncc  (or  electric  pretMire) 
of  oneniiltioDih  of  a  volt  between  the  two  ends  of  a  cerlam 
wire  produces  a  certain  current  in  that  wire,  then  a  jiolcntial 
difTercnce  of  one  vvli  will  ]>rmlu<-e  a  rtiru'nt  exacdy  one 
million  times  as  j^rcat,  and  any  other  pnessure  will  produce 
ii-i  corresponding  currcni.  On  the  other  hand,  if  wc 
change  the  wire  for  a  longer  or  a  thicker  one,  w  one  ntvlc 
iif  a  dilierciii  material,  wc  fmd  that  the  p(itenti;il  dtifeicnce 
of  one  voli  prfnliiiis  a  diffcri.'nt  itirrcni  In  «h,'it  it  did  in 
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ihc  (ormer  wire,  l«ii  thai,  :lk-'iii  '"  I'lC  new  wire  ilit  airrent 
producnl  is  slricily  iHuiioriional  to  the  ]>oienltaI  difference; 
if  wc  double  the  oik-  wc  double  the  othtT,  nn6  so  on.  The 
pattiiiibr  mio  lidwcen  the  jioicntiat  ilifTi-rence  .iml  ihe 
utiTTcnt  il  jwoiluccs  in  a  given  condiiclor  is  thus  cvkI<-iii)j- 
a  distinct  ^ropeny  nf  llie  r»i]diiv((»r,  jus)  as  much  as  in 
ralour,  di-nsity,  hurdnnit.  or  anj  »f  the  oiIkt  (liKtingiii>.hinf> 
(itO(i<-rtii"t  thai  liclonj!  t<»  it  It  is.  ihi-n-dwe,  Tittinj;  th.it 
ihiK  .idtliiiiinul  jiropi-Tlif  §hoiil>l  receive  a  ^iicciul  naiin',  :iml 
it  is  now  utiivcnjlly  known  ris  the  electrical  reBJstailce 
of  Ihc  conductor.  'I'tiUN,  hy  the  tenn  electrical  resistance 
of  an)  <:ondiiclof,  we  menu  neither  inorv  nor  Ifss  th.iiv 
/A/  ra/iit  tvheten  any jfUntiai  digtttuft  to  w/iu/l  ilt  tw  otJx 
maf  it  timughl  and  thf  tltclrie  <tirrtm  thirthy  prcduffj. 
The  dcfiniiion  assunicf  that  Iherv  n  no  source  of  electric 
prvssiire  (or  K.M.F.)  in  the  conductor  itself;  if  tlicre  is,  it 
ntuiit  Ik'  allowed  fof  in  reckoning  tlie  pressure  available;  for 
driving  tlie  cunent. 

The  term  rnsisUincc  ndo]>lc(l  for  the  qIkivc  ratio  is 
justified  by  the  lrel^a^<-eltained  fact  thai  the  cncTijy 
converted  into  heal  In'  the  rtow  of  the  current  i.s  diiecily 
proportional  to  the  numerical  value  of  the  ratio.  1  he 
gcTVcnilion  o*  this  heat  may  very  well  be  n^garded  as  due  lo 
a  kir*d  of  fftttric  frUlwit  which  nshh  the  flow  of  the 
c-umni,  fiiviiij!:  rise,  just  as  in  ihc  case  of  nicch.inical  frii-iioti, 
lo  the  production  of  heat-  .As  n  rule,  Ibi.s  hivit-  is  wasted 
and  is  a  source  vi  lo»;  Ixit  smnetimes,  as  shown  in  a 
subnequmt  section,  fart  of  it  may  be  u&cfillly  employed. 

'Hie  law  just  enunciated,  which  governs  the  floiv  of  ilie 
electric  current  in  conductors,  is  ver^'  analogous  lo  the  law 
which  governs  the  flow  of  incompressible  liipiitLs  such  as 
water  in  jiijtes.  In  order  to  produce  a  tttady  flow  cA  water 
III  a  pipe,  a  steady  difftrcncc  of  hydraulic  pressure  omst  be 
maintained  at  tlic  two  i-iids,  and  the  inirrent  will  then  How 
fnnn  the  end  where  the  jiressure  i.i  higher  to  that  at  which 
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it  iH  lower.  MoTvoi-cf,  a  LXTlain  dilTcrenw  of  prvitsurc  will 
iilw,i)!i  ivodiioo  a  certain  rate  of  rtow  of  WAier,  provKlird  (be 
pil>c  Ik  not  clian(;e(]  in  niiy  way.  Any  cban^i-  tit  tltc  tcn|;ih 
or  (linmclCT  of  the  pipe  will  aflect  the  rate  of  How.  Agnin, 
any  inciravc  or  rlccrcasc  of  iho  ilriving  prc^stite  (or  pr^jvttirc- 
tlifferenie)  wilt  k-ail  l«  a  (rorWNiionding  increase  or  ilccrcaw 
In  tlic  rate  of  How,  tbouffU  for  exiremfi  |>TC^urGS  ihc  Uw  at 
proportionality  of  pressure  to  flow  is  ivot  so  strict  IH  in  the 
i-l(i:irii:r;ise.  I^stty,  the  llnwo^  tl>e  wnicr  in  ihe  |Hpc  (cuds 
to  the  conversion  of  energy  into  Ituni,  diK  In  \\\t:  fruti'mitl 
rtsiUaMff  to  llic  flow ;  this  heat,  even  mure  freipicnily  ihaii 
in  the  eleetTie  case,  canitot  be  api)lied  to  any  useful  puqwsc, 
and  ihe  energy  thai  il  represents  is  wasted. 

Keliimin};  to  ihe  eli-cln'e.il  plK-nomeiM,  tlicie  is  a  further 
limitation  involved  in  our  deTiniiton  of  resistance  to  whicli 
we  must  biieHy  allude,  and  that  is,  that  the  passage  of  the 
ciirRnt  is  nol  to  alti-r  the  physic.il  condilion  of  thi-  con- 
ductor in  nny  way;  for  the  ckxirtcnl  resixLimv,  like  many  of 
its  other  properties,  depends  on  this  condilion.  I'htu, 
ihc  density,  hardness,  and  ofieniimcs  the  colour,  of  a  body 
.ire  changed  when  its  temixiramre  is  changed,  and  so 
likewii.v  i«  its  eirctrirat  reM^ani'e.  Kor.iniall  irhanjfcs  of 
iGnipetalurG  the  change  in  the  rcst&uutec  Is  so  small  in 
many  materials  as  to  be  negiigihk,  but  if  the  current  is 
large  enough  to  raise  (he  ivnipentture  of  the  conductor 
oonvidcrably,  tlien  with  the  change  of  tcnuwrature  lhcr<r  b 
a  change  <A  r«si.itance,  or,  in  other  words,  the  ratio  ikf 
potential  diflTeraice  to  current  changes,  l-'or  example, 
in  (he  case  of  a  glow-Ump,  nhcn  (Ik*  current  neccsMir\'  to 
raise  tt  to  inc-mdenenee  i^  patueil  through  the  lilanient, 
the  x'fw^g  filament  las  an  cleeiricai  resiManee  »ery 
differtrnt  from  that  of  the  tilack  carbon  (ilnment  in  Ibe 
mid  lamp. 

Restitance   licing  ihiw  a   physical   priijH;(ty   of  ci 
conductor,  and    its    magnitude    deiicnding    ool)   on   \\. 
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maicrial,  sue  and  »hapc  of  (he  conductor,  the  .svltrciion 
ol  a  lUndard,  or  unit  of  rcbistaiice,  could  be  made  i)uiie 
aibilrarily,  by  taking  any  convenient  conductor,  of  a  ccitain 
i'l/x  .iim!  sh.i]K-.  and  Riensuting  all  otiici  t(.-si&Unc(.-s  in  k-cms 
of  ils  Tcsihtancv.  This  would  Ih:  •inalii^ouji  to  ihc  mcihud 
of  nenMiiug  the  >|>eciftc  gravities  of  bodily  in  torus  of  the 
den«>ity  of  water  ;is  unity,  or  the  length  of  a  piece  of  cloih 
in  teinis  of  the  si.indaid  yard,  which  is  merely  the  length  of 
a  ctrUin  Uir  of  metal  prci^rwd  in  WcslTiitmler  TAlacc. 
and  from  which  copies  are  taken  for  u».  In  the  early 
days  of  the  d«vclopR)cnt  of  electrical  science,  and  vspccully 
of  telegraphy,  this  inethod  was  followed,  'ind  each  cupcri- 
nientcr  who  ainu-d  at  eiprcMing  his  resist;! nccs  iiuaniita- 
tirely,  arbitrarily  adoi>ted  the  unit  most  convenient  to 
himself,  which  was  frequcnlly  the  rcsUlance  of  a  certain 
length  of  a  certain  piece  of  wire  which  he  had  in  his 
bboratoty.  It  was  thu»  wellni^h  iinpu>silile  lu  compare 
tile  results  of  one  experimenter  with  those  of  another,  for 
though  the  material  of  Ihc  standard  conductor  was  carefully 
«podficd,  the  influence  of  xniatl  changes  in  the  coniposiiion 
of  the  material,  and  especially  of  certain  iinjiuritieii,  was 
not  accurately  knoirn.  A  great  step  in  advance  was  made 
when  Siemens,  in  18A0,  introduced  his  mercury  unit  and 
measured  all  his  resi:ttaftix:ii  in  terms  of  the  resistance  of  a 
column  of  /ure  mercury,  one  metre  lunf{  and  one  sijuaie 
inilltmclrc  in  ciosswction,  at  the  tcniiwraiutu  of  indiing 
ice  (o  C).  The  great  advantage  of  this  unit  is  that  th« 
malrrtal  em[)lo)'«d  is,  one  which  can  readily  be  obtained  in 
a  state  uf  purity,  and  thai,  being  a  liiiuid,  at  o  C.  it  has  a 
definite  physical  constitution.  Still,  the  Siemens  OQit, 
as  it  is  railed,  is  an  arMrarj-  unit,  and  111  iti  thoiie  no 
wxount  vtas  taken  of  the  other  units,  especially  the 
niecbuucal  ones,  which  are  freijuently  met  with  in  electrical 
mflamremcnis. 

We  have  seen  that  to  maintain  an  electric  current  in  a 
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conductor,  woik  has  to  Ik  done  and  energy  used  up 
HOmewhcre.  Also  that  pan,  if  not  all.  of  iIh*  cnrrgy  m 
uMcd  u|>  rea[>[)eDn  m.  heat-energy  in  l)>e  oooditctor,  »nA- 
ih.il  the  heat-encT^  thus  produced  b  directly  ptoi>onlonal  ^ 
lo  ihc  rcsisuntc  of  the  conductor.  But  heatcnergy,  ;■■ 
eni.-i:g>'.  can  l>e  expressed  in  tenns  of  the  ordinary 
mcchnnical  units  of  work,  ihnt  i>  u  /wt-^t.  in  ordinary 
IlritiNh  units  of  work,  or  as  tryt  in  llie  r.G.S.  (wntiuii-tfc, 
^r^mnii.-,  sei-ond),  or  metric  system  of  units.  Now,  ii  Mill 
olmnusly  conduce  to  simplicity  in  the  calrubttons,  if  the  unit 
ui  resiunnci-  1>c  so  diOH-n  as  to  hnw  some  simpltr  relation 
to  the  nH*('hani<!al  units  w\\w\i  have  been  already  fixed  l>y 
otlier  coiiiidetjlions.  Kof  instance,  tlw  MOiftJest  rcUtton  of  j 
all  tvQuld  be  Hint  in  which  the  nnil  >>/  itfislana  wm  tu<h 
Ihal  ow  trg  of  keat  tHergy  tcnii  /nn/ufed  in  it  bjr  unit  (urrtmt 
9i>M'iHs  for  I'Dt  sfiond,  the  unit  of  current  having  .niready 
been  decided  ujion.  Thi*  unit  is  tiMially  referred  to  a-*  the 
aiio/utt  unit  of  rtiitlantt. 

Ill  i86i  the  British  Association  .ippointcd  a  strong 
committee  to  jn^'cst^tc  the  (]urMion  of  deeirioil  units, 
and  to  determine  what  units  irould  !)e  miwt  convenient  for 
jimetical  a:td  scientific  lue.  The  eoinmitlee  decided  Hut 
iIh'  best  praclicsl  unit  of  reuslanoe  would  be  that  which 
voi  our  thoHMirJ  million  timei  {if.,  to")  thi- above  absoluli: 
unit  of  resistance.  Thi>^  (irnctical  unit  w.is  <.illi.-d  the  Ohm, 
m  honour  o(  (>.  S.  Ohm,  the  dincoverer  of  the  fundamenL-il 
law  that  rcguUles  the  How  of  the  current  tltrough  oon- 
dutiors.  The  necessity  for  inkio];  such  a  Urge  multiple  of 
lite  jiMiilute  unit  (or  tlie  prai-lic.il  unit  -irixes  first,  from 
iht-  siiullncss  of  ihe  itk  as  ,i  unit  of  energy,  an<i  seeimdly, 
from  the  neeexsity  for  expressing  resistances  in  o»dinary  tne 
with  4  «naM  number  ot  digits.  Thus,  a  mile  of  ordinary 
telegraph  wire  has  a  lesisiance  of  nbout  13  ohms,  but 
expressed  in  .-ibfotutc  units  this  reJisUince  wwiM  be 
13,000,000,000,  a  iiiiintKr  mm-h  Inn  nvr);ward  fof  cvciy-day 
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use.  Even  then,  hon-evcr,  tlie  iiiajjnitu^te  Bxed  a\ian  is 
only  a  <rOfn promise,  for  ihc  rtinge  of  rcsUunccs  with  which 
■he  electrician  hiis  u>  <lc;il  is  cnormoii^  'IIiub,  in  measuring 
the  resi«ance  of  ihort  thick  (jiives  of  good  conduciots  the 
ohm  is  far  too  birgc  a  unit.  anU  he  cxi>ri:».tc^  hi»  icmiIu  in 
tenns  of  the  microhm  (or  iUUt  ohm),  which  is  out- 
milthnlh  {Uirt  of  the  tihm.  Again,  in  mca&UTing  insulation 
resixunccH  thu  ohm  is  much  too  sm.iH,  aiul  he  uses 
in»eail  the  megohm  (or^mi/  ohm),  which  Ik  ont  mitlimi 
lima  the  ohm, 

But  now  a  prscttcal  constdcraiion  foKcs  itself  ui>on 
our  iMdictf.  It  ii  all  very  wdl  In  <k'fino  ihc  n/tm  as  one 
thou.s:ind  million  tiineit  the  .ibxulute  iinil  of  resi^UncL-:  lull 
(Of  actus)  use  one  must  luive  a  concrete  standard  to  refer 
lo.  The  catv  is  analojjoiis  to  Ihal  which  occurs  in  con- 
nection willi  the  mttrf  as  a  unit  of  length.  Oiif(inaily  the 
metre  was  dctined  as  the  oneten-miHiomh  pait  of  the 
distance  from  the  eailh's  eijuator  to  cither  of  its  poles. 
Now,  it  i.t  obvioiu  tlut  siKh  a  definition  ii  of  no  value  for 
practical  use,  because  when,  for  inxianec,  a  merchant  wishes 
lo  mcasuic  the  length  of  ,t  piere  of  cloth,  it  is  quite  out  of 
the  question  that  he  xhotikl  trouble  himself  with  difficult 
and  laborious  measutttncitts  connected  uiih  the  >ij!e  <>f  the 
earth.  'Ihcrefore,  as  a  result  of  careful  terrestrial  mc*sure- 
ment\  a  platinum  Iwr  was  consiructcd.  to  represent  as 
ancuratety  as  iiowible  the  rv<iuirc(l  fraction  «f  the  eaith  s 
ctrcumfereiKe,  and  copies  of  this  bar  arc  made  for  oidinary 
UM  in  everyday  life.  By  comparison  with  ihcse,  aiiy 
particuJar  length  can  be  easily  mcasunxl.  So  fur  the  ohm, 
the  iHactirat  unit  of  resisUmce-  'the  detcrnii nation  of  the 
reaistance  of  any  conductor  directly  in  absolute  units  » 
even  more  laborious  than  the  tcnesuial  measurements 
just  tticrrcA  lo,  btit  the  comparison  of  one  resistance  with 
aiKtlher  i»  an  eauy  and  ■simple  operation,  "nicrefore,  when 
the  more  difficult  measurement  has  l>een  made,  tlie  rei^ulu 
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arv  Gmbodied  in  aciuuI  ataiiiLinlit  for  reterciurc.     Such  A 
staiidaiil  is  the  tlanJatd  I'fim. 

Then:  Miil  rciiuinit  ihc  iiiic-ttioii  of  ilelning  ttiv  ])nM;ticji] 
ohm,  .ijiiiit  fiom  ill  connet-tuin  with  tlie  aluolute  unil. 
Withuut  Kuiiitv  >■»"  lliv  pros  and  cons  of  ihe  mattct  \»t 
ihis  uratild  lead  us  lov  for  afifid — vrc  nuy  state  brictly  ihdl 
iheyl'fnr  of  tlic  SicniiiM  iiicrciir>'  unit  Ims  dixtint;!  advan- 
lA^x  over  its  4:otn]K:iii»rs  Tor  iliiH  |iur|Kise.  'Ilic  unljr 
thing  tn  be  altered  is  the  lci)|;th,  whkh  ytity  numerous 
expcriiiK'nts  Havl*  ithuwa  mutt  Im  io6j  ccniitnctres 
iaitend  of  loo  centimetres  {ix.,  one  metre).  AIko,  as  ti  tt 
HiticU  cAJiii'r  lu  w-iah  a  line  culuiim  of  nietcur)  than  to 
delcrminc  its  ciosk-wittuti  accurately,  it  has  Iwcn  IouikI 
bo«  10  t|iecify  the  weight  whicli  €orrc«|>onds  to  a  uniftim 
croat-secliort  of  nnc  s>|uarc  intlhmetrc  Thtu  we  arrive  ai 
the  following;  defiiiiiiun  ; — "Thi  ohm  it  tht  rtsufawt  «J 
a  i-c/ttwn  of  fnte  mtfiury  of  uniform  croft-Ketton  lo6j 
anlimtlrts  hng  at  o"C  unit  ufigAing  x^-^^ii  grammn. 

Such  is  tlH'  detinitiun ;  Init,  jutt  as  with  the  standard 

metre  Iwj,  the  a<'tiul  de- 
fiiivd  standard  ia  seldom 
used,  but  copies  of  con- 
venient fonn,  anti  nwdc  of 
otiici  nialeiialh,  are  vtn> 
I'loycd.  One  of  these, 
reroiii  mended  by  Dr. 
Klcininj[.  in  khown  in  F^ 
150.  A  coD  of  silk- 
covered  t''^'**^""!  stiver 
win.-  i»  cwilainix)  iniiMlc  the 
Hat  riit};  C|  and  its  tni) 
ends  are  loldercd  to  the  thick  coj)!!^  rods  A  B,  A"  B'.  whidi 
|>AS.sU|)  through  ihc  l>rnss  lubc*  r'!",  without  I"  no. 

Besides  b^-ing  tovcred  i*ith  »ilk,  ihc  coil  i»  >  1  in 

poraifin  wax  ;  l>  ii  a  block  of  ebocute  whicli  medunitany 
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»i|)pons  itw  co)»(K.T  loiK    Whcii  iiscti.  ihf  ling  C  is  pUccd 
I  a  ve«K:I  of  nK-ttiiiR  ice  m  tiring  ii  t(»  tilt  itftni)<;r.n\ire  of 

S*C.,  the  teniiiemluru  al  which  ils  te^sinnre  is  armratelir 
|knnwn,  and  Ihc  «i<ls  II  11'  ate  inscrlvd  i»  cups  n(  mercurir 

thicli  aiL-  <onr»c<^l«I  lo  Ihc  other  pans  of  the cirriiit. 

But  in  m«aMiiing  li-nnlh*  we  noi  only  want  our  Klnndnrrl 

aetrc  or  •^UnibTfl  yanl,  us  the  case  may  be,  but  wc  alto 
^Rquirc  long  U|>c  or  chain  mcafaircs  Tor  }oiig  leiigtb!),  and 

Bmall  carcTHlIj'  divided  scale?  for  fine  worlc.  So,  in  measure- 
tnttnts  of  rcsiHancc,  wc 

ocwl  many  difTeient 
esisiances  of  Vnnwn 
|.VaIuc.  'IIksc  arc  usiially 
le  up  ii>  rrsiKtance 
'  btixcs.  as  tilt)'  are  called. 
,  and  consist  of  tarioiis 
I  lengths  of  wire  of  rarioas 

thicknesses.     K-tch  wire 

is  coiled,  as  seen  in 
iMg.  151,  and  ils  two 
'entU  connerted  to  two 

adjacent  blocks  of  braw 
■  on  (he  lop  of  the 
Ibox.     Thtit,  the  end«  of 

ihe  coil  W  are  coiine<:tM)  to  the  hitick.s  C  and  C*,  and 
'ihose  of  the  coil  W  to  the  hlocVs  C  and  C.     If  wo 

sup|>oae  that  one  pole  of  the  hatlcrj-  is  connected  fhrouftti  a 
Icotvductor  lo  the  block  C,  and  the  other  pole  to  the  block 
[C*,  the  cuiTcnt  can  only  rM  from  C  to  C-  by  jiassing 
[through  the  roil  W,  whose  rciisiancc  b  maiked  on  the  lo)* 
[of  the  IwK  ;  this  ciiil,  thcryforc,  forms  part  of  the  circuit. 
f'VYte  plugs  P'  and  I''  ciinsiM  of  *hoTt  <ronira!  pieces  of  brass 

with  clionite  tops  ;  they  an:  CiiicfuUy  lufncd,  so  as  to 
[scoirately  fit  the  holes  between  the  brass  block  O,  C,  C. 

Who*  tlu  plug  is  inserted  in  any  hole  it  foims  an  easy 
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cuntlucting  )uth  fur  ttie  cutrcni  rrorn  one  VAodt  (o  llic 
other.  In  the  fittutc  Ihe  current  tan  |uss  far  nwre  tasilj- 
from  C  to  C,  through  the  plug  1*^,  than  thratigh  i\w  coil 
W,  nnil  ihcrelurc  prn<:tical1)-  none  of  it  pil^se&  thrMUijIi  W, 
which  tM  t)iu%  nut  nf  tircuJL  In  oilwr  ii'ortU,  the  coil  W-  b 
ikfrtiirtniUd  hy  the  jilUK  I",  It)'  iitscrtiitg  and  with- 
drawing the  plugs  the  rcsisiancc  of  ihc  circuit  can  thus 
be  <|uii'kly  altered  mithout  interfering  with  the  itcfnuncnt 
connections,  l-'ig.  152  ^hows  how  .->  tuix  of  eleven  coiIk  ii 
ftrratif^cd  ;  T'  and  T*  arc  the  icrmiiub  to  which  the  two 
cnils  of  tlic  rest  of  the  circuit  ate  fimily  joined,  aikI  then 

an/  rcstiuncu  or 
cotnl>in4tion  of  a-- 
HJitAnces  wiiliin  the 
ran},'e  of  th<(  box  can 
b«  addcO  to  tht«  dr- 
cuit  by  withdraw- 
ing  the  proper  plugt^H 
Olhcr  devices,  SucnH 
as  sliding  connections 
of  various  kinds,  arc 
sometimes  uxcd  for 
ahetin);  the  rcKtMaii<:es  of  n  cinuil,  liut  Ihc  l>lock«  and  plugf^ 
Jusi  deM'rit>cd  arc  hf  far  the  mou  icltablc.  It  should  lie 
noticed  thai  in  I-'ig.  151  the  wire  it  codhid  dwiblc.  bcinj; 
bent  baek  on  itself  sx  il«  middle  j)oint,  as  tibinm  nt  the  top 
of  the  Iwhbins.  This  is  In  diininisb  the  ma^nvtic  effect  of 
the  coil  3»  much  xt  \iai>C\\i\i,  To*  when  a  cunent  panes 
it  circulates  in  one-balf  of  the  wire  in  a  clockwise  direction, 
and  in  the  other  half  in  a  counicr-clockwisi;  direction. 
The  magnetic  effect*  of  the  two  tuhcs  iherefwc  op|)ose  one 
another,  and  hy  careful  wltKhnf-  iht-  rcsuliani  cffwt  nvay 
be  ver}'  nearly  zero. 

McMiirement  of  R«sistanc«.    a  rci\ 

171  will  Ui^i;csi  iluE  (lie  mi.tliti<i  of  tneast . 
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inctHt  in  acroiibncc  wiili  tlic  ilcfinition  is  (o  measure 
MiHulUiicously  the  jiuic'Ku!  dilTi-remc  and  also  the  ciitrcnl 
Itowifi^  :  the  ralio  of  thete  twu  tiuaniitin  will  l>e  Ihc 
ix'iiitance  »f  lite  coiicluctuf,  If  ihc  potcntialiliflerences 
arxl  ciinenU  arc  measured  in  al>soUitc  units  die  ratio  will 
){ivc  the  lesi&uiires  in  thv  absoluto  units  slrc.idy  trrctrcd  to. 
Mote  pniiiiiibrty  if  th«  ]>uienibi  dilTi.-fenccs  be  meaMircd  in 
tv/ti  Bfi<l  (lie  currenix  in  amfirti  ^^\^i  leatiliing  miiwt  will  be 
t)»c  ri-niiMtxra  in  okim.  Before  rooaidering  ihe  method 
tA  detcmiintiig  jioteiiiul-dilfetcnccs  snd  currents,  it  will  l>c 
simpler  to  icfer  briefly  o  the  chief  method  of  determining  a 
tc«d:im:c  by  mmpuiiison  with  a  known  resistance.  MoKt  of 
ihi*  iirair^ii*  detcmunniioni  arc  made  by  Mich  comixinKiins. 


I 


h(.  ii].-Prtac^orWhtwi(««i*'<Bri<lj*. 


Comparison  of  ResistancflB. — The  most  sensitive 
method  of  cum)KiiiciK  the  icialivc  values  of  two  resistances 
was  devised  by  Christie  and  intioduccd  by  Whcatsionc ; 
with  its  various  modifiailiorK  it  is  known  as  WhraistoHt't 
Bridge.  Y'vg.  153  rejirettents  di.igranminiically  the  principle 
ot  the  tCKL  V  and  Q  an;  two  points  in  a  circnit  which  are 
connected  by  two  sets  of  conductors,  P  S  Q  and  1'  T  (J ;  in 
passing  Groni  P  to  Q  the  ctirrcnt  posses  through  both  con- 
ductors in  proportions,  acconlinji  to  Ohm's  bw,  inversely 
as  tlieir  re!iiiian<:eK ;  foi  the  pntcntbls  at  P  and  Q,  and  the 
|Hileniial'dtlTcience  between  ihcm,  arc  the  same  for  Iwth 
conductots.  'rbe  potentials  of  the  various  iminis  aloi% 
the  condnctor,  I' S  (|),  must,  therefore,  diminiith  a.s  we  pass 
from  I'  to  Q,  and  Olini's  bw  tell.i  us  that  lUc  foil  of 
poltntbl  must  lie  pto^xirtional  to  the  resistance  passed.     A 


A 
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liinilar  rule  holrh  for  PTQ.  IT  now  we  wlcct  a  point, 
S  on  P  S  Q,  it  is  evident  thai  there  intLii  Iw  inmt  jiornt  on 
I'TQ  which  i<i  at  tlte  sniive  ixxentiiil  xs  8.  On  joining 
thc»c  poini*  across  \vy  a  rondncior  no  current  will  flmr 
nIoiiK  ihii  .-«ii(hift(ir.  Iwcause  its  twn  ends  are  it  the  tame 
juiicnttiil,  and  if  ihe  conductor  be  tht  wire  of  n  galvanonwier 
the  index  of  the  inMr\itncnt  will  renuin  ttUiiionary.  But 
the  potential  difTcrcncn  on  tlie  two  tides  nf  S  arc  in  the 
ratio  of  the  two  rcoittJincei  a  and  i  on  these  two  ptidcs ; 
■imilarly  llic  |k)I  en  tint  differences  on  the  two  side*  of  T  sire 
hi  the  ratio  of  the  reMKUinccs  c  an<l  d.     If,  therefore,  S  nml 


T  iir«  at  the  uimf  (totentinl,  when  tested  liy  the  galvano- 

niL-tur.  the  »\tOft  two  ratios  must  be  equal,  and  wc  have — 

«        e 

i  ~  i 

\x\  «r  be  an  unknown  resistance,  then,  if  wc  Vdow  the  i.'alw: 

of  the  rotii.  ~  and  also  llic  value  of  the  rcsiswnce  h,  *e  cao 

ranily  calcutnie  the  Tolai.'  of  o. 

The  tiiniplest  ap|uuati»  for  carryin);  out  the  test  in 
prartirc  in  that  shown  on  Fig.  154.  ami  is  usually  known  as 
i1r-  ■■  Metre  Bridge."  Tor  corresponding  electrical  |>nsJiinns 
the  simc  letters  arc  used  as  in  Fig.  153.  B  is  the  battery 
from  whirh  the  rtirrcnl  ix  led  to  the  point  P,  and  after 
ditidinf:  lieiween  the  condociors,  Pa  St"  Q  and  Pf  TV  Q, 
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[I.1SSC3  l(»  Q  and  lurk  lo  ihc  hattco".  a  is  ihc  iiitknown 
j  TCsUuncc  to  be  men.tuTfil  ninl  -*  is  n  known  resistance.  Wlh 
1  in!(en«l  in  ihc  branch,  P  S  Q.  'V\w  rtsisLinrt-  of  the 
hrnncli  /'  T  Q  is  almost  ontin-ly  ihal  of  ilif  uniform 
stTc(dii'<l  wire  /  T  M.  The  galvanomeicr  C  lias  om: 
(vnninal  ronnecled  to  5and  the  olhcr  to  a  slidii^  Iccy  K, 
which  is  to  be  moved  alonp  the  wire  /.  ,V  tiiUil  the  galvan- 
ometw  shows  tm  cuitctiI  ;   when  \\vt  is  the  riw:  we  h.ive 


found  tlic  point,  T,  which  is  at  the  same  potential  as  6. 

Since  L  TMn  a  uniform  wire  the  ratio  of  the  resiMance 

f  and  d  ix  ihc  same  a*  the  ratio  of  ihc  lengths  Z  T  and  T^f 

of  the  win;;  these  lengths  win  lie  read  olT  on  the  scale  in 

I  the  middle  of  the  board.     If  now  we  muttipty  the  known 

j  i*»islancc  i  by  ihe  ratio  of  c  to  rf  (or  of  /  7"lo  T  JIf),  wc 

I  have  iHe  ret|uirccl  vaHic  of"  the  resistance  a.    The  wire  /.  Af 

lis  tisually  (but  noi  ni^cvcirily)  a  "  meirc  "  long,  hence  Ihe 

[tiame  given  to  this  foim  of  Whcalsionc's  Bridge. 

Alihoiijch  the  Metre  Briclf;c   is  the  nmptest  applicaiion 
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of  iIjc  |)riiu;i|ilc  of  Wk-alMonL-'K  HridKi-,  it  is  nonicwhat 
clumsy  for  oidinar>'  use,  Iwcauiie  of  titc  Ions  \a\gt\\  of 
stretched  wiio.  Numerous  nih«i  iDodificalions  Itave,  iYtae- 
ioTv,  l)ei.-ii  <U-ti!t<!il,  .tiid  ihc  one  most  liurgctj'  used  i»  sitowi) 
(li.-igrjniiiiatu'iilt)',  with  lalU-ry  nnd  fplvanoinvtt.-T  j(iinr<l  \i^, 
in  Ftjj.  155,  wliiiit  V'%.  156  shows  the  box  of  lest-coib  in 
perspective.  In  both  fixtiics  ilie  sjiinc  letter*  ate  usc<]  for 
coticKpoiuliRK  points  as  in  Fig,  153.  The  practiol  difTcrt-nccs 
hclween  this  form  nnd  ihe  wire  form  nre  two :    hni,  the 
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ratio  of  !■  to  rf  is  thai  of  the  resistances  of  coits  of  known 
value;  and  scrondly,  balance.  a«  it  is  called,  is  fiii;dl) 
obinincd  t>y  altering  the  value  of  the  kiioim  resistance,  /. 
Tltis  alteiatitm  u  el&cied  by  inserting  one  or  more  coils  in 
the  ann  S  Q,  bj-  means  of  the  pltifis  ;i*  alr^-ady  expUincd. 
The  resistance  to  be  mcawired  is  pbced  between  P  and  S, 
and  the  value  of  the  ratio  oi  do  d  can  be  altered  by  using 
different  cuiis  in  lite  nrna  P  T  and  T  Q.  In  actual  practice 
pre&s  keys  arc  inserted  both  in  the  Intlcry  branch  P  B  Q 
and  in  tlie  galvanoineleir  tirancli  S  G  T. 

Another  method  of  comparing  ihc  rtsistanccs  of  two 
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conductorB  consisw  in  observing  the  |»IentiaI<Jificrcnccs 
n-iiuircd  lo  senti  the  same  currcin  through  oach.  Vctj- 
high  rciiiiLinc«s  ran  ^1m>  lie  tDcnsureil  by  oli»erving  the  cnie 
at  wiiioh  they  dtscharfie  a  pair  or  charfted  I'onductors.  For 
details  of  these  and  other  methods  wc  must  refer  the 
reader  to  honlcs  on  electrical  testing. 

Liquid  RasistaQCM.  — The  methodx  of  mc^isiirin)^  and 
coinjuriiig  resiKianocH  tlut  tve  have  Just  desi-rih(;<l  are 
applicable  to  liguids  as  well  as  solids,  but  the  application  is 
eom[)!icatcd  by  the  chemical  effect  aluays  produced  when 
the  current  (lasscs  from  a  li<iuid  to  a  sohd.  or  fiW  rrrai. 
We  ha«  seen  {page  «)  that  ihin  chemical  effect  appear* 
elcelrically  as  an  opposing  E.M.K.,  whkli  nils  down  the 
total  availahle  pressure,  and  therefore  cuts  down  the  rurretii. 
Now  an  inertate  oj  rahianct  would  niso  ciii  down  the 
cuireot  IC,  therefore,  the  chemical  effect  be  overlooked 
or  neglected  in  measuring  the  resistance  of  a  liquid,  the 
resistance  wil!  appear  lo  be  grc.itcr  than  it  really  i*^  The 
eonsideraiioii  of  the  methods  of  eliminating  or  (if  counter- 
balancing the  chemical  efTecIs  are  too  technical  in  descrihe 
hcie.  and  we  merely  refer  lo  the  matter  to  caution  our 
readers  againfit  attempting  to  measure  liquid  resistances 
wiihoui  taking  proper  account  of  these  effects.  Details  of 
how  this  may  he  done  nill  be  founil  in  hciok^  on  ektrtrieal 
testing. 

Values  of  Resistances.— Wc  shall  row  give  a  few 
figures  rclaiing  to  the  .i<  lual  value  of  the  resistances  of 
various  materials,  which  wc  hojH:  may  guard  our  readers 
against  making  very  serious  mistakes.  As  already  re- 
marked, the  range  of  values  is  enormous,  3n<l  hence  arises 
the  danger  of  mistakes  of  a  magnitude  wbiih  would  l>e 
imposuUe  in  the  erer^-day  concerns  of  life.  In  tabulating 
ihe  actual  resistances  of  various  materials  any  convenient 
si/e  and  shape  may  he  taken  as  the  ^andard  siic  and  shspc 
whoctv  resisuncc  is  specilied  in  the  table.     Kor  scientific 
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[Hirposes  the  moil  convenient  standard  of  ihis  li»id  is  « 
piismalic  pie<:c  of  the  nwiicrial  otic  rcnttmctre  lorjt  and 
OTIC  square  centimetre  in  <:r»ss-u^'tinnal  .-irca.      i'or  tck- 
grapliic    |)ur|>o»:^  oiher  standanl  iirt*.  are  round    more 
convi'nient.     For  our  purpose  ik  prefer  to  ;idfi(i(  a  MJndnnl 
aire,   which   wc   i»ope  will   be-  tbomtiglily  rainiliiir  ii>  our 
readers ;  and,  (hereforc,  in  the  following  tahle  Itic  resistances 
are  those  of  t  ylindrio  conductors,  e.ich  one  yard  long  and 
r>ne-lcnlh  of  an  inch  in  diimclcr.     The  resistances  of  the 
Riaiiiials  ch.it  are  most  commonly  used  in  ricflricnl  work 
arc  given  in  ohms,  or  fractions  of  an  ohm,  fot  pieces  of  this 
sire  nnd  shape.     When  not  otherwise  sperifivd,  the  tem- 
perature U  0'  C.                                                                        ^H 

T.*m>:  VI.— KnsifTAXtcs  nr  VAUinirs  M.vTt-.RiAt.*;.        ^| 

>ll«wMiKt  (tfoMinnlltnitJi    „, 1 

Rtlivr  {anmalrd) 
Cuppfr  (h.iiit  ilt»wn) 
tiolil  Ihanl  diBsn) 

Zinc 

rijtinum    

lion  (lumeslcd) 

Tin 

U>il 

(•crniu  SiWf  1 
riaiioaid     .. 

McRUtT      ., 

CuInm  (eleclrie  tislu)      _. 

.,       Icnphile).  ■ 
W»iTT  with  3S  j>cr  «iil.  of 

Sulphurio  Ami  ,  , 
Sotphale  oT  Copper 
Saljilute  (4  Tine    ... 
Pine  Wirttu  i8'C 
Gbsi  (Bohcmltnl  >i  6a'  C 
Gutii  rcirtii  »i  14"  I', 
t;UM  mmiUt  6o*r 

KhonilcM  46' r 
I>r)f  air 

^0037  "Id 

COM      ., 
OOjS     „ 

dot    „ 
01 6»    „ 
■0174    .. 
'oiJT    .. 
035'     .. 
■OS!*    •. 
•cAia    „ 
•irot>    .. 
7  to  15  ahn» 
4-3  to  76      „ 

«..!*>      .. 
loj.jco      ., 

(Jl.JCO       .. 

6,;!i7  million  ohau 
■00,000  bil  lioa     .. 
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It  ha»  Iwun  already  Tciiiarked  iliat  the  diCToreticei  in  thv 

elix'tric^  rtsiiinnLC  of  vauouj  nialciJaU  art  enormous,  and 

an  inspection  of  this  tabic  will  fully  justily   thin  icmnrk. 

JiMlecd,  titi:  numbccs  in  tli«  lower  luirt  of  (he  ubk  urv  so 

gncal,  compared  with  those  in  the  iii>|>ei,  that  it  ih  quite 

impowblc  flit  tht-  mind  lo  g'^l*  ^"V  t^^'  ■^t^'^  <^f  t^^'  nilio- 

iTakc  cot>[)cr  and  guttapercha  for  instance.     A  yard  of  the 

Ifonner,  onc-tcnth  of  nn  inch  in  diameter,  has  a  rexiatancc  of 

[not  quite  ihrcc-thwi^iandihit  of  an  ohm,  wlnlnt  the  imistancc 

a  piece  of  the  latter  of  the  same  size  is  nearly  one 

trillion  ohms.     Or  we  mxf  express  the  relation  in  another 

way,  !»)■  siiying  that  a  topper  wire  of  the  same  reAi»tanc« 

and  croM-sectton  aa  tlie  yard  of  gtiltapercha  would  have  « 

ikngth  t/>75  million  times  the  mean  distance  fiom  the  catlh 

Itu  the  «un,  uralcn);thalon^which  it  would  take  light  17.000 

I  years  lo  travel. 

On  the  other  hand,  the  range  of  resisuncc  amongst  the 
elab  is  cxprcsved  by  com[^>arativcly  small  nuinbert.  ThiiK, 
mercury,  the  metal  of  hi);hest  re^.ttance  tlut  we  have  in- 
cluded in  the  table,  ba»  only  sixty-thice  liruc^  the  resistance 
of  siivet.  But  many  liquids,  which  arc  usually  regarded  us 
good  condiKlon,  have  a  very  murh  higher  resistance  tlian 
any  of  the  mvtal>  s|>eirif)e(L  Thus,  the  re«i!ttancc  of  dilute 
sulphuric  acid  is  several  millions  of  times  that  of  copper, 
and  more  than  ooe  hundred  thousand  times  that  of 
mercury. 

The  rules  for  ealctilating  the  rexbianue  of  any  tonduclot 
of  unifornt'cross  <>ection  front  the  values  given  in  the  table 
are  exeeedinfjly  simple.  Both  experiment  and  tlieory  show 
that  the  testsiartce  of  any  conductor  is  direcdy  pioiioitional 
to  its  length  and  inversely  proportional  to  its  sectional  area. 
I^it  into  symbols  this  rule  may  l)c  written — 

H-berc  /  is  the  length,  A  the  arcs  of  crosij  section  of  the 
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eondiKior,  and  i>  is  a  ironsuni  (kpcnciinfc  upon  ihc  iiuienn) 
nnd  llic  iimiN  eini>1o)'e<l.  If  the  lengtft  be  mcn^uit-d  in 
ynrd*  and  lliir  cross^ sectional  .iica  in  tcmis  of  (he  aiea  of  a 
citdc  onc-trnlh  of  nn  ii>ch  in  dumctcr,  p  Iim  th«  value 
Hivvn  in  itic  preiredint;  Uibl«.  In  scientific  work  mon.- 
conftrueiit  units  aie  u«cd,  and,  as  a  rule,  /  is  measured  in 
centimetri-!!  and  A  in  square  cenlintcircs.  The  valur'  <if  |i 
for  any  maicrial  wUl-ti  ihcsc  tinili  an.'  c'iii|iloycfl  ii  uKualty 
called  iu  t^i^c  rtsittatue. 

KetutninK  lo  our  table,  if  il  is  icijuin:*!  to  5nd  the 
rcnhtance  of  a  metallic  wire  of  any  length  and  luvinj;  i 
diameltT  of  oiiv  lenlh  of  an  iiK'h,  all  that  is  Tf<inirt.-d  ii  u^ 
mitlli^y  llic  nuinl)cr  given  in  ihe  table  by  ihc  Unglh  of  ihc 
wire  L-xprvMMtl  IH  yardt.  Thus,  the  resistance  of  «  cuj>|ict 
win- ii(  Ihiii  (liiimcicr  and  having  a  length  of  i,c»oy.in!s 
would  lie  3''}  ohmn.  On  the  other  han<I,  in  dealing  nitli 
w^res  of  dlircTLiil  ihicknc&MS  wc  must  remember  that  the 
CTon-Mcttonat  nre;i  varies  as  the  tqunre  of  the  diameter,  and. 
therefore,  to  find  the  n-^iktance  of  a  round  wiTe  a  yard 
long  ami  of  nny  other  diameter,  we  miisl  JhiJe  the  ro^istamie 
in  the  table  by  the  ufuan  c/  Ihf  lUamtttr  expressed  in 
ttutht  Iff  iiH  iwfi.  '{"hut,  a  copper  wire  one  yar<l  long  and 
To'iiollt  of  an  ineh  in  diiiitieter  would  have  a  resisiamrc  i-f 
99  uhhiH  (/'-I 'ooi!>-i-(|  J,,)').  Resistance  may.  therciuic, 
l>e  increatcd  either  by  increasing  the  length  or  diminishing 
llie  dunirk-r  of  a  condiiaoi,  but  a  lelnlive  change  in  the 
latter  i<>  nmch  more  imjioriani  than  a  cotri:^]>onilinx  cltai^e 
in  iho  former. 

OombiuatiODSofReaisUaces.— I'*rc<{acntly,c»i>ccially 
in  the  iim;  uf  the  deelric  It^tlil,  it  is  necestary  lo  cormect 
MWral  rtrsixtanieK  togettivr  »»  as  lo  conform  must  readily 
to  ihe  condltiimt  under  which  current  can  be  supplied  to 
them.  It  is,  therefore,  useful  to  have  a  general  idea  of  the 
effect  on  the  total  resistance  of  the  various  combinations 
that  may   be  emtiluycd.     There  are   in  general  lac  turn 
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iMi-lho(l><  iif  connoting  ronriuflors  which   arc  I" 
au|)[)4ied  with  ctiaimi  (rum  the  sniuo  source  ;  these  are 
lovn  49  (a)  coBnecttons    for    serits  tvorkiag.   and  (') 
conn«cti<^ns  Tor  ^trultel  pr  wulliflt  working. 

In  uriti  twrkitig  the  con<luclors  ;tte  placed  one  aflci 
the  other  in  th«  cinruii,  anti  tlve  utme  turrtnl  flows  thruugh 
II,     Thus  the  cod  of  coiwtuctor  A  (Hg.  157)  is  joined  10 
:c  beginning  of  conductor  H,  and  the  oih«r  end  of  con- 
dor  B  10  llii-  liegiiininu    of  ronduolor  C,  and   so    on  ; 
lly  the  he^inniii);  -» irf  the  first  conductor  and  the  cnd,r 
the  laat  one  arc  joined  to  the  source  of  «U|tpl]r.    By 
'hnj'«  bw  the  n-sislwH-e  of  any  romfuctor  is  the  ralto  of 
th»;  iioieiitLiI  dilTcrencc  (o  the  airreiii-     Now  a  litllc  cod- 


^^nust  be  the  ri""  of  the  jjoleiitial  (lifrtTcncw  at  the  ends  of 
the  separate  iiondiieigr>  A,  It,  C,  ftc,  iind  it  U  evident  ihai 
the  iiime  nimn/  parma  ihiough  all  the  tonduciois.  Thcre- 
*c,  the  resistance  of  the  compound  conductor  lying  between 
and  y  is  the  tum  of  the  icst»t;)ii<'cs  of  tlic  separate  con> 
lurtori  A.  Tt,  C,  Ac  Thus  we  luve  ihi-  lulc: — T/ie  fatal 
tiilame  of  any  num6tr  ef  cofitimtors  in  iiLKIK^  ii  Iht  sum 
'  tkt  nsistatiat  of  Iht  upanttt  omawtort. 

In  ^aralht  ar  mullifdr  xforkiHg  cailt  uf  the  coii'luctors 

foinis  a  <<e|Kirale  (Kith  for  the  current  belwven  the  two 

which  are  i.'onoected  to  tin:  source  of  supjil)'.     *l'hc 

yntem  i*  vhown  in  l-ig.   15S,  where  I' Sand  (^>T  ate  two 

coodactort    OT  "leads"  ol  inappreciable   re9tU,iUKe, 

^of  which,  P  S,  is  joined  to  the  positive  pole  of  the 

;  of  supfdjr,  and  the  other.  Q  T,  to  the  negative  pole. 

**  leads  "  may  be  regarde^l  as  iei>rc*enting  the  nippljr 
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mains  whicli  are  now  put  <lown  in  all  importAnt  townt  for 
ilie  jiiiblio  sti|>|)ly  of  electric  energy.  The  "Icacb"  an 
cunnccied  liy  tlit;  various  conductors  A,  ](.  C.  ■ . .,  of  Ute 
B)-uem,  aiid  lUese  conductors  ate  tli«n  xaid  to  be  ananged 
"  in  parallel."  'I'hriniKh  cacli  uf  them  tltefc  is  a  curKluctinj; 
jath  Iron)  1'  to  Q,  so  ilut  if  one  or  moic  of  them  be 
rcmovt'd  the  cuTreni  can  still  fluw 
through  Ihv  remaining  on«t>.  l*his 
system,  besides  being  u»ed  by  supply 
companies,  ts  also  iisu.itly  employed 
iniidc  [hi:  houses  in  domestic  lighling- 
»-iih  "glow  "lamps  aa  any  numlier 
of  UmjM  in  various  pails  of  ihe  home 
ait)  ))C  turned  on  or  olT  without  stof>- 
ping  itit  lurrcni  through  ihc  oUrt 
LvngM.  Ill  tills  c.ts«  P  H  and  Ij  T 
must  be  taken  to  represent  the  two 
nircs  coming  into  the  house  from  the 
sirecl  "supply  "  tnntru. 

In  calculating  tlie  lolal  lesistanci; 
between  P  and  <i,  we  must  rcniembcr 
thai  the  tuUitioM  of  each  new  coiv 
fluctnr,  hune^'er  hi^h  its  individual 
mi&tancc  may  be,  offers  a  new  path 
(of  the  current,  and,  ihctefore,  it- 
mimthet  lh(  tiital  rtmlantf.  ll  t(, 
ihercftiii;,  simpler  tn  deal  wilh  iwm- 
Jatlivuin  rattler  than  resistances.  The  coiiductlviiy  of  a  con- 
ductor is  the  rt<ipro<iti  ot  its  icstM<nice,  and  may.  ibcTcfore. 
be  defnied  as  /Ae  ralia  </  the  tUttric  Mnv/tt  tff  Iht  p^ttatial 
differttue  that  //W«rti  it.  Thus  if  a  cOfuluclot  luive 
a  resUtamrc  of  5  ohms,  its  tonducilviiy  i»  i ;  if  lis 
resistance  be  yA,.th  of  an  ohm,  iis  conductivity  is  too,  and 
so  un.  No  name  has  yet  Iteen  adoixed  lor  (be  unit  ol 
conductivity,  ihouitb  l^ord   Kelvin  hai  suggested  the  word 
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KHO  0>..  ohm  s|>eit  turkwnnls)!.  Now  I  lie  lolnl  cuncnl 
ting  front  1'  Ui  i}  is  cvi*)t-iiily  iIk'  sum  of  ihc  ^[KtTnlc 
«tfcni*  ftl<Mig  ilw  vjrioMs  brniicltcii  A,  It,  C, , . .  and  i\k 
niciitial  dilTcrencc  dnviiig  this  toi.il  currt-ni  is  l)ic  sai»c  as 
Ihat  which  dtivex  carh  sepatnic  currciH  ;  namely,  il>c  |Ktlcn- 
lial  difference  between  V  nnd  Q.  As,  tlicrefure,  ihc  unnl 
>iidunivily  is  liy  dcfmilion  ifn'  ratio  of  tlif  Urtal  ciiiTcni 
'  the  [iiiivniiiil  ilirTcn-ncc,  wc  sir  thnt  the  Inlal Mitdmimty 
nveH  fmt  fmnti  Joined  ty  itveral  flimfut/ort  in  furaUt/  A 
fHii/fo  Iht  mm  of  llu  (oniiiMtivitiis  ■.'/  tilt  teP'ti-atf  amduclon. 
To  e<|ircsB  ihU  law  in  symliols.  sii|>]iu$e  K  is  the  lotnl 

jiftana  from  P  (o  Q,  then  jt  ts  lite  atttdtuiivi'x :  nnd  \X 

\tyt,.,.,  be  Ihv  resistances  uf  the  K|Mrnic  conductors, 
he  nbuV«  Uw  lend)  to  the  eqtiatiun  : 

I        I       I       I       I 

liCTc  being  as  manf  (cniis  on  the  ri);h(-hand  side  as  there 
re  sc}>arate  conduriunt. 

Other  syslcms  Aie  in  use  known  na  itritt^ralM  systems, 

which  the  conductors  are  [uvily  in  seiies  nnd  partly  in 

irallcl,  but  the  jmiiciplcs  and  mics  alrc-niy  ^iveii  can  be 

|>|)lied  to  the  tno(lifi<..ili<Hkt,  the  ii^rMary  chanK^tt  bditf; 

obvious.     Some  of  ihcie  combined  ayslciiis  will  bi.'  rcfetifd 

in  detail  in  connection  with  the  niclbods  aikipled  for  ihi- 

ublic  supply  of  electric  energy. 

Arraoffements  of  Batteries.  -  Some  of  otir  ic-idcis 
■y  froni  lime  to  time  be  tcnn>icd  to  makccxjicnmenl*  with 
Icctric  cunx-nis,  using  ordinary  prim.iry  batteries  as  ctirroni 
iteratart.     It  may  not,  therefore,  \yi  without  interest  If 
|ioint  nut  how  the  |ir«cedin]{  laws  of  conduction  in- 
'fliiencc  the  amoiini  of  current    that    ran    Ite  sent  through 
_^a  given  external    circuit  with  a  cerkiin  nuximuni  number 
cells  available  for  the  puq)ose.     Or,  to  put  it  othetwise, 
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we  may  slvow  how  to  nrrangc  the  cells  £o  at  to  jircKlucv  (Iw 
greatest  jxJSsiWc  cmrenl  in  the  given  circuit 

The  nilcs  vrliich  wc  have  jusi  j;iven  fiw  llir  lOmTiiniilincKt 
or  TirMStjiiKCK  cun  alto  be  n|i)ili«4l  to  ballerii.-^  Un  the 
IntlCT  are  also  conductors  faaving  resistance.  I'herc  is  otic 
tm))orUnt  change,  however,  namely,  thai  these  new  eon- 
ductors  arc  seals  of  K.M.F.,  and  \\M,  ttirrcforc,  tl>c  two 
ends  |fV.,  the  |K»it»-eand  negative  terminals  of  the  celli) 
have  u[>i><>ute  cleetriud  |>ro|>ertie«.  This  diflerenco  mud 
not  Ik-  lost  sight  of,  but  bearing  it  in  mind  we  riMv  state 

A 


generally  that  cells  may  be  joined  up  lo  fonu  a  IwHcry 
eiilKf  (a)  in  Mrrics,  or  {6)  in  tiarallcl.  or  {^  in  any  coib- 
bination  of  series  and  pgiralid. 

'riic  nicthwln  of  doing  (his  may  be  made  clear  by  an 
inspection  of  Fi^  i^t^  A  represents  a  IxiUery  of  (our 
celU  joined  u|)  in  "setiea,"  that  is,  the  negaiivv  icrmittal 
of  one  cell  is  joined  to  the  jiositive  temiinal  of  the  next, 
the  negative  of  tbb  secoiwl  cell  lo  llic  poiitive  of  the  nexl. 
anil  so  on.  The  temiinab.  of  the  contplclcd  battery  arc 
(be  positii-e  terminal  of  the  first  cell  and  the  ncgatire 
terminal  of  the  but. 
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It  wc  law  rcprcM-nit-il  ihc  ntctlio<l  of  joittiiis  uj*  ihe 
iir  cclK  in  "  luiralkl. "  Ikrt-  all  ihe  fxnitive  terminals  are 
lofieilter  by  wifen,  and  A  )M>inl  on  any  of  lh«c  wires 
ay  be  ukcn  as  ihc  |io<iitivc  l«iniiul  of  tlie  com|ilct«d 
tltery.  Similarly  all  Ikt  ne^tivt  icmiinaU  arc  joined 
Pgether  t>y  snolhor  i«ei  of  wires,  any  point  of  which  may 
taken  a*  the  ntfK*')(>vc  terminal  of  ihw  liutlcry. 
Lastly,  in  C  n-c  have  3  [cptL-i^ni^uion  of  «ix  cells  joined 
M))  [lanly  in  emca  and  partly  in  parallel.  In  ihb 
mgcmetu  the  relb  arc  first  divided  into  two  groups  <A 
liree  eaclt,  tfic  cells  in  ca<!h  gioiip  lieing  joined  up  in 
criM  similarly  to  A,  aa  already  explained  'ITie  poiiiivc 
erminals  ii(  the  two  groups  arc  then  joined  togt-lhcr,  and 
ihc  positive  terminal  of  the  compkte  luttcry,  and  the 
egative  tenninaU  .ire  JoihcO  tv  funii  Ihc  [icgdtivc  Iciminal 
the  batter}-.  The  cells  are  then  said  to  be  joined  uji 
'three  in  xeriet  and  two  parallel."  'I'he  six  cclh  might  also 
kve  been  joined  up  "  two  in  series  and  three  parnllcl," 
nd  with  a  gicatci  number  of  cells  other  arrartgemcntt 
3oM  be  possible.  One  prccAuiion  only  is  licccssary, 
|id  thai  i»  that  the  number  of  cell*  in  each  "  scries  "  row 
hould  )>c  ihe  same  throughout  tl)c  battery. 

For  brevity  in  drawing  diagrams  there  is  a  <:onvenliofiat 
method  of  rcprrsenting  cells  and  bailciics,  which  is  depicted 
in  Kig.  itoforlhcabovethreegrouirti.A.H.anrl  C,of  Fig.  159. 
I'his  consists  in  re|)TCsenting  a  single  cell  hy  two  lines,  one 
long  and  thin  and  the  other  short  and  thiclt.  Tlie  rinti  of 
»c.  the  long  thin  litH",  is  taken  to  represent  the  plate  in 
onnection  wiUi  the  pcjsitivc  lenniaal,  wbilM  ilic  shon  thick 
nc  rcpic^cnis  the  pbte  connected  to  the  native  terminal. 
,  comp.iii«on  of  Figs.  160  and  159  will  show  that,  adopting 
.  conrcnlion,  the  coTrct|>onding  p^rts  of  the  two  ligiites 
present  the  ^ine  grouping  of  cells.  It  m:iy  be  leniarkod 
in  flccordatKC  with  ihc  convention,  tlie  airrcni  in 
eadi  ca«c  shown  in  Fig.  itio  will  How  th'ough  an  external 
r  I 
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circuit  iroivtlic  wire  on  th«  kft-liatid  sidv  to  tlte  vnre  on 
lite  right-hand  side. 

Iltit  how  do  these  diflvrent  arriiiKcnienU  nlTcii  the 
airruni  in  an  exicrnal  ciiciiit?  'I'hts  cuncnt  wl-  know 
is  ff'ivn  hy  tho  ratio  of  tlw  loCal  efrdht  ctoctromoiive 
force  lo  the  total  resiiilaiice.  'I'lie  total  resifttADce  in  anjr 
given  case  a  made  up  of  two  principal  ia.ns,  nainclyt 
(he  resiatanrc  of  ihc  exicmal  circuit  and  the  internal 
rcsixlancc  of  the  liatiery.  With  the  fomicr  vu  xre 
not  concerned,   for  it  U  su|>|io&ed  to   be  fixed  by  tatt- 
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sideraiiuitK  other  than  those  we  are  now  dealing  with. 
Uut,  from  what  vrc  have  juet  snid  abmil  combination}  of 
Tcsntancrs  it  t)'  olivtoux  thai  (he  internal  nnistancc  of  the 
luliery  de|>cnds  U[>on  (tie  (^ouinng  of  the  component  ccIIk. 
If  these  cclU  arc  in  "  series,"  then  the  internal  reuslaw-e, 
according  to  the  niU:  given,  ts  equal  to  the  mm  of  the 
resistances  of  the  separate  (-ellt.  nut  if  the  cells  aic  in 
"  parallel "  and  of  xinifoiinly  equal  resistance,  the  nilc  for  a 
parallel  comhiiution  allows  that  the  inicntal  resUiance  of 
the  battery  is  eijual  lo  tite  re»i»tnnce  of  a  single  cell  dh'ititd 
by  the  numfitr  of  cells.  Lastly,  if  the  cclk  arc  paidy  in 
«.-rii:s  and  [«illy  in  p.iratlcl,  the  inicinal  rcw.iinn.x-  ii  foand 
b)   dividing  the  resistance  of  a  siit^jk  row  of  cclU  by  tite 
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nunitter  of  roiw  in  i):iriilkt.  Did  wo  xhin  only  coiuidtir 
iif  mi&iaiK-c  of  the  liaitcry,  we  should  always  join  the 
ells  in  [larallcl.  as  ilits  would  give  us  the  least  resiscanoc 
Tot  the  cofni>liMc  circuit,  and,  thcicfotc,  atttrii  farH>us,  the 
alest  cuncnL 

But  the  current de|>e»ds  not  only  oii  resiaiance,  hut  also, 

nd  directly,  upon  the  effalivi  elect romutive  force,      Now 

it  is  easy  to  show  lh.it  (his  cfToctivc  KM.K  depends  on 

anniigenienl    of  the  cells-     Take   first   the   "  scries " 

|rr.ingein<.>ni.     We  haw  jccii  (ittgc   41)   (hat  the  electric 

jicnlial  of  the  positive  terminal  of  a  cell  u  always  higher 

bun  that  of  tti«  ncgalivc,  so  (hat  when  [he  two  are  joined 

a  ifite  at)  ckarii:  ciiirciil  llons  from  ihc  first  to  the 

Now  in  a  iieriei  arrangement  {A,  Fig.   160)  the 

llial  of  the  positive  tciminal  of  the  lirst  cell  is  higher 

ilan   that  of   itx  negative  terminal.      Iliit    Ihv   latter    is 

leclrically  tlie  |KMittv«  terminnl  of  the  necund  cell,  ami  hast 

be  same  potential  as  this  positive  terminal,  which  in  its 

orn  has  a  higher  potential  than  the  negative  of  Na  a  cctl. 

therefore,  the  i>olcnliaI  difference  (P-tX)  of  the  positive  of 

to.  t  and  the  iH-^live  of  Mo.  2  i«  eijual  to  the  turn  of  the 

r.rx's  of  the  terminals  of  Na  1  and  No.  3  taken  sciiarately. 

yocceding  in  ihc  same  way,  it  cati  be  shown  ilut  the  I'.D. 

of  the  positive  terminal  of  the  first  cell  and  the  negative 

the  !a.M,  in    a    series  .irrangcincot,  is  the   siitn   of  the 

P.IJ.'s  of  all  the    cells   jcMned    uj),     'I'ht;   same   reiisoning 

that  apfilies  lo  PJi.'s  can  Iw  U3«d  for  R.M.F.'3,  and,  there- 

ic.  the  cITcciive  E-NLF,  of  a  row  of  cells  in  series  is  equal 

the  sum  of  the  sei^araie  KM.F.'s  of  eai:h  cell.    Thus, 

thou^^h  the  jw'ning  iip   of  cells    in    scries    incicisc*  the 

RterAal    resistance   of  the   haitcry,  it  also   incrtNtsei   the 

ctive  E.^tF.,  atHl.  therefore,  in  certain  circumstances 

^ay  be  ndvaningcoiis. 

Consider  now  the  Hicct  of  a  "  inrallet "  grouping  on 
the  effective   R.M.K      In   B^  Fig.    160,  all  the  jiotitive 
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terminals  are  ntetallicaUy  joined  together,  nnd  are  ttiva* 
fore  all  at  ibe  same  poientUl ;  Kimilaily,  all  the  negative 
lemiinals  ate  at  the  same  potential  Thus,  the  ixKcotial 
<JilTfTen(?e  between  the  jrasilivc  and  negative  termJnalK  on 
only  be  thai  of  a  (ingle  <  oil,  and  the  uine  may  be  said 
of  the  ciTective  V.  M.  1-'.  Therelorc,  the  joining  oi  celU  in 
"  lur^tllcl,"  allhoutfh  il  reduces  the  intcnul  resiaiance,  givci 
us  a  combination  which  has  only  the  t§tilitt  L.M.F.  of  a 
single  cell,  and  ko  far  at  I-LM.K.  is  concerned  ia  not  as 
arfvrtnijgcous  as  a  "series "grouping. 

I.attly,  in  a  combination  of  scnet  and  parallel  a  Ittlle 
considcfaiion  will  show  that  the  elTeetive  E.M.I-'.  i>  that 
of  one  of  tlie  series  ni<»  taken  by  ilKlf.  Thus,  in  C, 
Fijf.  i6o,tIic  effective  E.M,F.  of  ihc  six  cells  is  only  ibc 
sum  of  ihe  separate  E.M.F.'s  of  three  cells. 

Since  then  "  [laiallcl "  grou|iing,  or  an  ap|yroach  to 
parallel  grouping,  not  only  diminishes  the  resistance,  but 
also  tlie  effective  E.M.F.,how  can  wc  decide  what  grouping 
to  adopt  in  any  given  case  ?  Kortunntely,  tlie  rule  i»  a 
very  simple  one,  although  we  cannot  give  here  the 
maiheniatioil  proof  of  ii.  It  U  this :— So  group  the  cclh 
that  Ihe  internal  miitaiKt  is  as  Hfiir/j  itf  /n<siiMf  tt/iMl  *• 
/A"  external  rfn'stawf.  In  practice  this  rule  lead.s  i>i  the 
conclusion  lliat  when  Ihe  external  resistance  is  very  \u^ 
the  celts  should  be  joined  in  series,  when  it  b  very  low 
they  shotitti  be  joined  in  parallel,  and  when  it  is  intenncdiatc 
a  calculation  should  be  made  in  accordance  with  the  rule 
to  find  out  what  grouping  is  bei-t.  When  this  rule  is 
fc^lowcd,  there  is  obtninetl  through  the  given  cxteraal  circuit 
the  maximum  current  which  the  cells  available  will  furnish. 

Loss  of  Pressure  insido  a  Current  Q«Derator.  ~ 
In  the  tuicjjoiiij;  *,\i  have  inferred  th.ii  ilitie  is  a  di'-tint[iun 
between  the  electromotive  force  (li.M.F.)  of  a  battery  and 
dte  |H>temial  diirc-nMicc  (IM).)  of  iu  terminals.  We  wish 
now  to  |KMnl  out  brieily  how  the  distinrlitHi   arlteK.     In 
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CHiplcr  III.  of  Pan  I.  we  have  sliown  tlia[  ihe  E.M.K.  gf 

I  a  cell  dcpcmls  on  the  chcinicil  jnopettics  of  ils  various 
com|K>ncnt    juim.      This    K.M<F.   is    ihe    total    cITcclive 
pressure  available  for  driving  a  ctirrcni  roiinil  any  circuit 
of  which  the  cell   fornu   a   )iaiL      But  (he  cell  ii«e1f  Is 
fonncd  of  conductors   through    which    the    ctirrcnl  maxt 
nccensafity    flow,  and    vrhich   like    all    other    conductors 
possets  dcAniie  ekilrical  resistances.    The  drivuig  of  the 
current  Ihroti^th  iheNe  resistances,  therefore,  uses  up  some 
of  the  tola!  electric  (irc^&urc,  and  the  actUJiI  loss  so  caused 
can  he  cakuUtCil,  l»y  Ohm's  Uw,  as  the  [MOdurt  of  the 
^_^ct)neiit  into   the   resistan^re.     The   prest^ure   available  for 
^Htlnvins  the  cutreni  round  the  external  pan  of  the  circuit 
^Wk,  Ihetcfore,  less  than  the  E.M.1''.  by  these  "lust  vulis,"  as 
^Bthey  may  be  cnlle<l,  and  it  is  to  ihix  in\»ilai'ft  fnssure  that 
the  Urm  I'.D  la  applied.    A  little  consideration  wfill  show 
that  if  the  fc'.M.K  be  constant  the  !'.!>.  depend*  on  the 

J current  and  the  intenval  reKi.ttancv,  and  if  the  lallci  be  also 

^Hcoiiiianl   the   i'.D.  talis  a^    the   curicnt  rises.      Put  into 
^■raathcmjitkal  shape  the  rcUtion  is  expressed  by  the  simple 
equation — 

V  =  K  -  #C 

nhcre  E  and  V  are  respectively  the  E.^L^'.  and  the  I'.U.,  C 

U  the  current  at>d  ^  is  the  internal  resistance  of  the  baliery. 

^^Jf  the  current  be  xero,  that  is  if  the  battery  be  an  open 

^Hcireuit,  the  potential  dilTeiencc  of  the  terminals  is  equal 

^^to  the    electromotive  force,  but  whenever  the  battery    is 

I  generating  a  current  the  P.L).  falls  short  of  the  K.M.F.  by 
Ihc  number  of  volt.i  obtained  by  tnultiplyiii);  the  current  by 
the  inicinal  resistance. 
The  al>ove  remarks  apply  to  all  current  generatonj 
»hcihcrihcybclx«tcrics,dynamos,orthcnnopilw-  ThcM;  all 
hftveJKwinictnat  resistance,  and  iheavaibbie  P.D.  is  always 
kss  than  the  full  R.M.F.  set  u[^  by  an  amount  equal  to  the 
product  uf  tltc  current  into  this  internal  resistance. 
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LAWS  OF  CHEMICAL  AND  THERMAL  ACTION. 

TtiK  lavf  nhidi  rcgubtcK  itic  lk>w  of  a  steady  currciil  in 
«  oonditctoT  lixviiig  lieen  c\|>tiunctl,  we  mm  n«xt  to  the 
laws  got'LTtiinx  thoHc  trflvcts  by  u-hicli  the  prcscme  ol  >u>:h 
a  CuncDl  i^  recognised,  and  in  tin;  i>n:scnt  <:ha[>UT  btull 
consklcr  tioin  thin  [lutnt  of  view  itie  cheitiical  aai  ihcnnnl 
fflvct*. 

L  Laws  or  Chemical   Action. 

The  "  chemkal "  «flcet  or  action  of  the  electric  cuttcDI 
luH  liceii  fn-quefllly  referted  to  and  dUcusud  in  the  iwKcd- 
ing  iiAgci;  and  now,  afici  dwelling  more  in  detail  on  the 
rumlninenial  phenomena,  the  bcniilifully  umple  qiiamil^ilive 
liiWK  which  underlie  that  action  will  Lm:  cunudernl.  On 
tnifu  18  wc  haw  described  the  chemical  effect  manifested 
H'lii'n  an  cleciric  current  Inverses  a  condurior  in  tlicM.' 
wurdK  :—"//  the  (oitdn<ti>r  it  a  liquid  7vAiti  is  a  f/umiful 
armpimH^  c/  a  rerhiiu  flats  allied  EI.F.CTROl.  YTES.  tht 
liquid  mil  It  dtiompostd  at  Ike  ^aettwhtrt  lUe  ewrcMl  enttrs 
and  Imvts  il." 

In  thi*  brief  de«Tipiion  two  or  three  i>oiiiis  shotild  he 
larefully  itoted.  l-irst  of  all,  the  (ondudfr  is  to  l»e  a  liquid. 
So  br  cxiierituent  has  not  discovered  any  iivdtcation  of  the 
chemical  action  of  the '  current  in  solid  conduclurs. 
Secondly,  tlie  liquid  ninsl  ft  a  iendmlor.  A  reference  to 
the  values  of  the  r«HMaiKi»  of  liijuidi  on  (la^v  sK^  will 
show  thai  «omc  li(|uids  arc  for  all  iiraclicil  ftirfKUn  tmn- 
condutriot*  or  imulaloes,     Amongst  the  most  eoinmon  ire 
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pvtroli-tim,  ltir{)cntinc,  m<uA  mineral  oilx  ami  ;^wr« 

RitCT  i  in  tlieKv  itu  chvniical  kKi^U    i.i  ot>M:rve<j,  prutMbt)^ 

ccausc  even  with  large  potential  dilTcrcnccs  the  current 

rhich  iKiStCt  t«  inhniic^imal.     Again,  tho  /i^iiiJ  (t>Hdii<tor 

(u  be  n  ihtmkal (omf'aHaii.     'I'liU  coixliiiun  c-xcIiiiIvk  riiiin 

lie  llM   all    lii|iii<t    coniiuvturs   thai    arc    L-lctnents,  more 

E|M:<:uilly  mercury  oiid  luollim   iiKtals,  .ind  (he   futlhci 

anditiun  that  it  is   lo  be  an  electrul^tc   exchtdot   li<itii(I 

Uluyit  af  ihe  incLils  through  whii-h  the  current  is  cuntlucted 

<  Ihrough  Milid  ttrnducturs.     Ijisti)',  it  should  be  catefully 

>tcd  that  the  evidence  of  chemical  action  is  only  to  be 

duihI  at  "ihf  f'lnas  tvHtrt  the  eurrtnt  enters  anJ  ie'tJXt" 

he  li'iiiid  ctinilui:t(>r. 

It    hna    been  already   mentioned   (page   15)  that  the 
icomiw&itinn  of  water  by  tlie  electric  current  was  db- 
ered  in  rSoo  by  Nicholson  ;ind  Carlisle,  ant]  clial  Davy 
~Tn  1H07  used  this  new  meiliod  »r  analyuw  in  hix  rescaiches 
uo  tlic  composition  of  the  alkalies,  during  which  lie  dis- 
covered and  isolated  the  metals  potassium  and  sodium. 
NutwttKMandin)^  this  striking  insinn<.x-  of  the  v<tlue  of 
.      the  new  method  of  analyntK,  ilie  (iiiantiUilivc  bw»  were  not 
^Bi&covcicd   and    loimulaicd  undl  1633,  when  Faraday  in 
^B  sciics  of  brilliant  experiments  revealed  Ihcm  in  all  their 
^Hmplidty  and  Itcauty.     I'revioui^ly  the  ipialiutive  action, 
^only,  was  known  in  a  few  lypiisl  i  ascs.     The  most  faniiltar 
one   was  that  in  which  acidulated  ivatcr  was  decoin|>osed 
in  an  apparatus  of  which  t'ig.  161  shons  a  modem  fomi. 
It  conatxti  essentially  of  two  ]>lalinum  plates,  1'  iind  I*', 
cnnieiMd  in   a  vessel   containing  acidubicd   water)   the 
jUar  shape  given  lo  the  containing  vessel  is  solely  for 
|KiT[)ose  of  more  easily  colk-^jiin^  the  gaseous  ]>roducts 
()ecoiu)KMiliun  which  are  Net  free  at  the^e  plat«s.     Tltere 
two  side  lubes  SO  and  ^'Hi  coDne<:icd  at  the  bouom 
a  short  cross  tulic,  I'  f,  from  the  centre  of  which  rises 
klongcr  optn  tabc  Icmiinating  in  a  large  bulb.     TIr-  side 
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lubes  have  siop-cocks,  S  and  S',  at  their  upper  end*,  luul 
with  Uh:  central  tuU-  are  mualljr  grailiuitcd  lo  lh.il  the 
conuioed  volumes  niuy  be  read  oflT.  't'he  ptales  P  and  I*" 
are  joined  to  the  cxtcrnjil  binding  srrews  T  and  T  by 
pl.-itiniiRi  wires  which  nrc  scaled  lhroii[;li 
the  gbss.  If  now  wtih  the  two  side 
lubes  hill  of  acidtilalod  vatcr  a  current 
be  passed  thn>u£h  the  apparatu*  from 
T  to  T,  bubbles  of  gax  will  api>ear  on 
ihc  two  pbles  nnd  as  they  arfiimuUtC 
will  bt^  ctrne  delAched  aitd  Doat  to  the 
siirbcc  of  the  lii|iiid  in  the  respcttite 
lubi-s  ;  the  li'iuid  will  be  driven  tiy  ilie 
prcKmri;  ol  these  gUKCn  out  <>f  the 
side  tubes  into  the  ccnlr;Ll  ont:,  in 
which  the  level  of  the  li<)uid  will  rise. 
After  mntc  little  tinw  it  will  be  noticed 
that  the  i|uiiiitiiy  of  ^a^  evolved  from 
Pis  only  altout  one-half oflb.it  libernicd 
.It  1*',  and  it  can  l>c  easily  slwwn  that 
the  iivo  giKut  iin;  rc3]wctively  oxygen 
and  hydr4i};en,  the  constituents  of 
water.  Thus,  if  the  stop-cock  S  l>e 
paninlly  opened,  the  gR»  O  will  be 
Jiiven  out  by  the  inesstirc  of  the 
liquid,  and  if  a  glowing  splinter 
held  in  Ike  issuing  ^a.  it  will 
ignticd.  irKltaiting  the  presA-nce  of 
oxygen  };>!(.  Attain,  if  the  siO]>- 
cock  S'  be  opened  and  the  issuin};  gas  H  ignited,  it  will 
bum  with  the  p.-ile-bhiish  flame  chamttrislic  of  Ii  '  :>] 
gas,  ami  the  water  fonncd  bycotnbiiMlun  can  lie  i    .  i| 

on  a  cold  pbie  held  over  the  Raine. 

The  abot-c  e.viiciinKnl   niay  be  regarded  a&  «  fur 
mental  one,  fully  illusirativc  of  the  chemical  action  uf  iti 
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ciiRciit.  3n<J  will  be  useful  tor  intiothicing  the  jpccial  ■ 
HomtHtlaturt  connected  with  this  subject.  Thb  nomen- 
clature was  dcTisc<!t  l>)-  l-'amday,  and  b  an  exceedingly 
ingenious  and  convenient  one-  I'tic  process  of  decom- 
position l>y  vMxn>  of  the  i-le<trir  .urrent  ho  <%illi-<i  electric 
jnaly^iH,  or,  fur  brevity,  electrolysis,  and  the  liquid  that 
is  decomposed  the  electrolyte-  'I'hc  solid  conductors  P 
and  I'',  l^  xhleli  the  runeni  enter*  .md  leaves  thr  litiuid, 
lie  lallol  electrodes  (or  electric  (>aths' >,  the  one  by  which  it 
enters  being  for  diMinction  called  the  anode  '  (ii|>-path)  and 
that  by  which  it  Itaivcs  the  kathode '  (downjiath).  The 
|irodunl:t  of  tli«  eleciroly»is  he  cjlled  ions  (the  things  which 
^o '),  that  which  appears  \\\  the  an<H!e  liein^  the  anion,  and 
the  one  wliich  appears  at  the  katliode,  the  kation.  The  com- 
pile apparatus  Faraday  called  a  fW/>i-<-/c<Vn'Mf^/cr,  or,  more 
shortly,  a  ToltAineter,  in  honour  of  \'olta,  whose  discoveries 
form  the  starlinj^poiiii  of  the  science  of  current  electricity. 

SMOndaiy  Actions.— It  will  be  noticed  that  the 
liquid  used  in  the  Voltameter  described  on  page  397  is 
spccif>ed  a-t  addulaUd  water,  and  not  purt  water ;  the  Utter, 
as  nx'  have  seen,  has  such  a  high  lesistance  aa  to  be  almost 
an  inuilator,  but  the  adtlition  of  a  verj'  small  qu.tntity  of 
sulphuric  acid  rcdticcK  its  resUtsncc  cx>iisiderably,  and 
enables  a  moderate  P.  D.  to  drive  a  good  current  through  it. 
The  part  played  by  the  sulphuric  acid  is  still  somewhat 
obscure  :  it  may  merely  render  ihe  water  conihictive,  thus 
allowing  the  current  to  jnss  and  decompose  the  water  at 
the  electrodes ;  in  which  case  the  chemical  action  would  bo 
rci>Tesentcd  by  the  single  equation  :— 
H.O     11. +  0. 

««  Wtitir  yiAJ*  Hjrdro^fi  jmd  OHrs«n- 


*  Greek,  Ur,  iM  urkbk  geti  tNenln  Pailicipic)- 


But  il  u  more  than  probable  that  llto  sul]ihuric  ncii]  Ji 
dta'cti/  cicciioly&cd,  stnd  that  Ihc  oxyjjcn  erulwil  n  a 
prvdiic't  of  A  ]>urely  cheinicjil  aL'tiitn,  Utkinj;  place  sub- 
seifucntlx  to  the  eleciii*:  action.  According  to  this  rier  m 
shouUl  expreu  the  action  by  th«  equations : — 
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SO.  +  H.O-M,SO.+0, 
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I'tic  (ml  «<iuation  thovt*  Hk  reaction  <lue  to  the  clccUK 
currviii,  wbkli  s\>lm  up  the  Milphuric  aciil  into  hydrogen 
^  .and  a  compound  kiiovrn  as  sulphtun,  whkh  rannul  t  xisi  by 
ilsciriiilht-  prcMnccorwntcf.fmiii  whiihiitukctlhc  hydrogen, 
to  Tc-fonii  «ilj)hitric  acid,  and  sets  free  the  oxys^'n  :  ttie  Ijticr 
probably  Ijcing  b  purely  rhcmical  reaction  unintluctKcd  by 
tlic  cunent.  In  whatever  way  wv  regard  llie  niode  of  aciioii, 
the  final  result  is  the  »ai»e,  namely,  tital  hydroigen  and 
oxygen  ar«  set  free  in  the  proportions  in  which  they  arc  com- 
bined to  furm  water.  Wc  shall  consi^ler  presently  how  it  i* 
they  a|)|Hnr  at  gilaces  so  far  aprt  ax  the  electrodes,  ^ubse- 
quvol  dieniical  actions,  such  as  ate  referred  to  above,  often 
ll«:comp.iny  electrolysis  ;  they  are  known  as  ucfiuiiiry  artitNii, 
and  in  cwnnoiucnre  of  tliwn  the  ptoducls  n|>pL-ariiif[  at  the 
electrodes  are  nut  always  llie  true  ipas  produced  t>y  the 
direct  action  of  the  cgrrcot.  More  cspcci.'dly  if  electrodes 
arc  used  which  arc  acted  on  by  the  liberated  ions  or  by  the 
electrolyte,  the  true  cl!i-cts  of  the  cimeni  are  masked  ;  hence 
the  rea-ton  for  em|)loying  inert  pbiinuiii  plates  tu  a  water 
voliaineler. 

C)rdinary  hydiOKcn  and  oxygen  unite  to  form  wnler  in 
the  proportion  of  tno  volumes  of  hydrogen  l<j  one  volume 
of  oxygen,  ami  hence  in  the  voltantetvr  the  tube  over  the 
kathoile  will  be  found  to  contain  atioui  twice  u&  much  gas 
as  the  one  o>cr  the  anode,     'llie  piupoiiion  is  not  ()uite 
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cxni-l,  limiiisc  o(  (he  iliflcrcni  toluliihlics  or  the  two  gaseai 
in  water,  ani  also  l>^'ftu«e  «oiii«  <'u'Nf,  whii  h  ts  x  denu 
form  of  oxj^cn,  w  uMwUy  |ir<yUn-e(l  nt  ili«  iino<Ii:. 

The  hj'droijien  or  mef-iUi,-  cU-ntcm  U  tfi*  one  whtih 
a|i]>cars  »l  llic  kaihodc  or  (iL-itc  connected  lo  ilto 
nL*gilivc  i>olc  of  the  biillrrjr;  iii  other  wofdx,  ihv  mttal 
hydtogon  behave*  as  if  il  tra^^lM  iciVA  /A?  nirrtHt. 
Similudjr,  when  other  oom|>oun<Is  are  elo-'irotyscd  lUc 
ineullti-  part  lra\-cls  with  (hv  uirrcni  and  appears  at  tlie 
kathode,  i'or  insuncc,  if  the  electrolyte  be  co|)|)cr  suljthaic 
solution,  or  fu»ed  tin  chloride-,  or  fufted  [Kitiuh,  the  nietaU 
cu]>pcr,  or  till,  or  jtoijsviitni  arc  uri  free  at  tltc  kathode. 
Hence  the  dirfttian  sf  Iht  {vrrfHl  may  he  deliiicd  oa  that  in 
which  t)ic  mttiillU  ion  trarclE  in  a  voltameter.  It  it  often 
convenient  to  remcinbcr  this  simple  rule,  which  a  appliealile 
no(  only  to  voltameters  bm  al*o  to  lei.ondary  and  primary 
I  batlciies,  giving  rvie  in  the  latter,  as  we  have  seen,  to  ilic 
^_  (lolariiation  troubles  at  the  negative  plate,  which  corTcs]>oiids 
^no  the  kathode  of  the  voltameter.  Thus  wc  get  a  deeper 
^Binsight  into  the  iiniversalliy  of  the  tiniple  Uvs  under  which 
^Bn.iture  works,  and  the  a]>[)1i(-al)ilt(y  of  thtite  laws  to  cases  at 
^Hfirst  sight  widely  diflercnt  and  sometimes  apparently  contra- 
il dictory  to  those  in  which  the  laws  arc  most  familiar  to  us. 
^H  'ruming  now  lo  the  aneJe,  we  find  that  the  element  or 
^BromiKiund  Ta(li<.:d  whidt  appt.-ais  there  licloDgs  to  that  class 
^■of  bodies  which  chcmisU  regard  as  ifmnutats,  ot  bodice 
wliosc  ptO|)cnies  arc  analogous  lo  the  nunmetals.  One  of 
these  properties  \^  a  chetnital  tij^nily,  a.s  it  is  called,  for  the 
metals.  Tlw  mo»c  inipoiiani  of  these  eleilri-^nes^lhf 
bodies,  or  anims,  arc  oxygen,  chlorine,  bromine,  iodine, 
cyanogen  (CS),  «iIphion  (SOJ,  etc.  As  Um  Ihey  travel 
against  the  conventional  direciion  of  the  cutrcnl,  and  a(>(>ear 
at  lliat  |)oinl  wlicrc  it  enters  the  li<iuid,  cither  in  a  volti- 
mctcr  or  in  n  galvanir  cell.  Thtis,  in  a  cell  with  Jiine  as  the 
positive  element  and  dilute  suliihuiic  acid  as  the  exciting 
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Ilijuid,  wt  have  the  current  Dowing  into  Ihc  liquid  from 
/.in<:,  an<l  Ihcrcforc  cJiTiroljit'-ilI)-  "xygeti  or  «ul|ilitim  « 
sc(Kimi<:(l  ai  th«  xinc  plate,  mvI  ai  once  comliines  witli  Ihe 
sine,  teUing  free  tlic  chemical  cnctny  which,  as  Abend; 
expluned  (piagc  38).  reappears  as  the  energy  of  the  current. 
Now  it  may  appear  vonttndinory  to  ny  in  one  pUrc 
thai  it  is  the  dJKtoliition  of  Ihe  /inr  which  gives  rise  to  iho- 
eurrcni,  luui  in  Another  tlut  the  flow  of  t)vc  current  catiscs 
the  dissoltitioi)  of  the  zinc.  The  fact  is  i\un  we  ate  here 
dealing  with  the  actions  of  mt^ffu/ei.  if  nut  of  a/iims,  am] 
our  limited  koiiwx  arc  i|uile  unable  to  ot>sei^«  Ihe  aciiom  of 
individual  molecules.  To  us  all  the  phenoniciu  dc^crilKd 
seem  to  ukc  place  simultaneously,  and  it  would  alinosi 
appear  as  if  it  would  lie  impos-siblc  to  ditcovcr  the  cxar4 
ortler  tiiilil  n-c  can  make  Hl»en'ations  oit  single  molecules ; 
for  Ihe  [vesciit  wc  i^n  but  speculate  upon  iL 
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Faradav's   Laws  or  Ei.ectrolvsis. 

1'hc  inaio  iiuantitaiive  law«  of  Electrolysis,  or 
chemical  action  of  the  electric  cuncnt  as  enunciated  aflci 
laborious  invest  igatioiii  by  Faraday,  ore  exceedingly  siin{)ti 
Ilistccneral  lUitinent.  which  includes  eKpliciilyotimpIiciil; 
the  various  Un^  b  thus  given  in  his  "  f'~v|>enn>en 
Researches"':— "/V^  «  (oHitant  ijuontity  <^  tlti(rieit_ 
wkalntr  Ikr  duomfimiMg  tondutfor  may  tf,  xi'htlker  watt 
saiiite  st>iutieiis,  aeidt,  Justd  f>odi<t,  tie.,  ikt  ammittl  c/  tlerl, 
ektmieai  oftwn  is  a/nt  a  amtfaul  </«,in/ify,  i.f.,  in'ulJ  a/ti<aj 
^  t^uiraltat  to  a  standard  thimual  efftil  /imfideii  uf^?\ 
ordinary  efumieal  a^tu'ty."  Before  consideiiitg  this  state- 
ment in  detail  3  fem  preliminary  orinarki^  may  l>e  advisable. 

In  t.-i1king  about  "  pol.iiisation  "  (pp.  4^  to  .19)  mc  ha 
already  teferte*!  to  sotne  of  the  chemical  laws  w  hich  rcgulali 
the  couibiiutions  of  various  elements  to  form  com 

'  Scncf  v..  per.  J05  (Juiw,  iSjj). 
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ihc  pfCMUiit  |>iir|K<K'  lli<;  most  iiii[irwiaHt  of  these  is  tho 
enultful law  of  tktmual tt/uivalfNtt,  .aicoiding  to whi»:h each 
Icment  in  combining  wiili  olbcr  elements  docs  sn  in  definite 
urneiiral  pioiwriions.     ■I'liiis  sodium  in  conihminn  with 
cliloiinc  to  fonii  comnwm  wll  <lo«  not  enter  into  rom- 
btnalion   ht  a  ha(>haxaTd    wa)*,  any   amount   of  todiitm 
eoterin}-  into  combination   wit>i  any  amoiitil  of  c;btorine 
which  happens  to  be  pfcscni.     On  tbc  connnty,  it  i*  found 
thai  46  p;irts  of  Nodium  liy  weight  slw.iyH  i-ombinc  vriih 
jt    |Ktns  of  dilorine,  no  ntOK  iind  no  less.     If  tliere  is 
much  sodium  or  too  much  cbloiinc  for  this  proi^orlion, 
some  of  the  element  which  is  in  evc^-s*  rem.iins  uneoiiibincd. 
Simibfly   4O  piut.i  l>y  weight  of  sudiimt  .ilw3)'S  combine 
with  16  of  oxygen  10  fonu  the  oxide  of  vadium,  and    16 

Efiarts  of  oK)^n  combine  nith  ;  of  hydrogen  to  form  wnier. 
I'o  iht;  aciruratc  detciiniiuiion  of  tiiese  etjuivalcDt 
numbers,  of  "  efjuivalenis,"  cbeinixlx  ha\-e  devoted  an 
eoomiotis  amount  of  1.iIhhit  and  care.  The  results  for 
various  metals  have  been  already  given  in  the  second 
cx^ltimns  of  the  three  lahles  on  heals  of  coinbinalion  (pages 
45  (I  Ml).)  \  in  ibosc  culumiis  the  numbers  arc  the  weights  of 
I  the  various  metaU  which  eombinc  with  or  are  equivalent  to 
^K  I  ft  grams  of  ovjr^en.  Referring  ti>  I'aiailay's  itateitieot, 
^^ibcy  an;  the  weights  of  the  various  mei^ls  "  founded  upon 
'  ordinary  chemical  affinity."  which  enter  into  any  electro- 
(ilH-tnical  a<'lton  in  which  i(i  grams  of  osygcn  play  a  jtail. 

This  action  Faraday's  vlatemcnl  affirms  is  alwajrs 
brought  about  by  a  "  constant  quantity  of  electricity,*'  and 
it  is  obvious  tiuu  such  a  constant  'iitanlily  of  electricity 
mijiht  be  taken  as,  t)i«  unit  iftuwtity  for  measuring  other 
iptaniiiics  of  electricity.  A  unii  of  this  kind  would  be  the 
most  natural  from  the  point  of  view  of  dectrolyttc  action. 
Un  fort  una  ti-ty  for  ximpliciiy  in  clertrolylic  calindaiion,  the 
itmi  i/Hnnlity  of  electricity  is  <lepenilent  on  the  dcfmition  of 
the  Htiit  airrtni  (unit  quantity  per  second),  and  the  latter  is 
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inmt  coiivcnivnily  defined  liy  iL«  nugnetM.*  anion,  j^ivim  siiU 
E<;i|ti€ntly()i.i^<r  .171).  The  niiioiint  of  O^yurn  t>«><l>Ki>l  in 
H  wnlcr  vcill.-imclcr  by  Ihc  corretiMindii)^  unit  i|ii»iilily  (r,/., 
udIi  currcnl  tloming  for  one  !tc('un<l)  is  mother  16  granu  nor 
t  i;raiii,  bui  o'doooSaS  |;ntin.  'I'his  last  number  is  rallnl 
ihc  tidln'^ArniicU  f>fnirttl(nl  of  oxygen,  nml  tbc  nuinln-n 
for  iill  lh«  "tbfr  dcitifiHs  bnvc  10  lie  iih«i.'d  10  c(>rtn|Mki>d 
witb  it.  Tliiu  «v  liatt:  two  scih  of  numbers,  (i)  titc 
(inliiinry  e^tih\t{tnh  ubcJ  by  i:1)i.'niiBis,  wh!cb  arc  stinjily 
rtitim :  .inil  (3)  ibe  rlulrfihtmioil  cfithii/rnh,  which  hatt 
the  lamc  ntioH  to  one  iknoibei  n-t  the  fmi  ut,  txtl  arc 
itfimit  ttv^Als,  giving  lite  actual  amount  of  the  clement 
cither  set  free  or  entcrini;  into  coml>iiuition  during;  tlw 
pasugG  of  one  coulomb  (the  unit  i|ti.-intity)  of  elcctitciiy, 
'riKHe  niitnbeTi  are  sei  forth  in  the  ftjiowing  ul»)e : — 

TaIII-K    VlL-KlKnUrtCHKMICAI.   I'^JtnVM  KXTS. 
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Cunvcncly,  any  of  ihe  nuiiihcis  in  ihc  lust  column  of 

is  Ublc  may  be  taken  to  form  the  basiH  uf  a  definition 

of   Ihe  unit  <)unnlily-  of  dcnixity,  snA,  therefore,  of  unit 

utrent ;  antl  such  a  definition  i-i  in  firattUt  more  convenient 

the  electromagnetic  one  to  be  given  [ncscntly.     In 

it  it  of  inch  practical  connnicDcc  that  it  is  one  of 

ic  defmiliom  adopted  )>y  the  Doird  of  Tude  in  dealing 

ilh  electrical  uniti.     It  nmy  be  stated  ihui  ;-— 

Definition  of  Unit  Electric  Cttrreiit.—vf  twrtHt 
one  ampere  U  ikt  stexdy  tumm  wkkh,  -.chm  paiud 

•h   a   lilttr  ivf/am</fr,'  Jr/y»if'  ulitr  <U  the  rate  e/ 
o'ooi ttifi/  a grammz/^r  woiti/.    Ti>  this  we  iiuiy  add : — 
Defloitlon  of  Unit  Quantity  of  Electricity.— f?w 

coulomb  /I  titit  i^uanlitr  %>/  tlfeliidh  n/ikA,  ^nninx  r« 
a  definiU  Hindm  through  d  lihtf  vo/ldmtltr,^  df^Oifii 
oot  ttSti/  a  giiimme  0/  tiivtr. 


I'hc  second  dcliniiion  Ls  simpler  than  the  first,  and  is 
thu  one  led  up  to  directly  by  electrolytic  Uws ;  for  the 
amount  of  chemical  action  in  a  voIi;)ini-ter  d<.']iend.i  only  on 
the  total  quantity  of  electricity  that  passes  through,  aiid  not 
ai  all  U|)un  the  time.  Thus  a  voltameter  cin  only  measure 
currenfi  when  ihry  are  steaJy  for  a  .tuffiriently  long  time ; 
but  however  fiuciuating  a  current  may  be  (provided  it  is 
never  rcvcrard),  a  suiinble  voltameter  placed  in  the  cuircnt 
will  meu-iure  tl»e  total  number  of  iOHlotnbt  of  eteelricity 
that  have  passed. 

Wc  can  now  rc-stalc  Faraday's  laws  in  a  more  detailed 
form,  <rhi<-h  we  thFnk  our  readers  will  be  able  to  follow 
more  easily : — 

Law  I. — The  i|uantity  of  an  ion  libenited  in  a  given 
lime  is  proportional  to  the  total  quantHy  of  electricity  that 
has  juuscd  through  tbc  voltameter  in  that  time. 

'  DcBctibcdai  p.  3JI. 
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haw    II. — The    quantity   of  an   s'lm    liberated    In 
voltanH'ti-r  is  pn^iKirlMnal  to  the  clcctrcxhctnicitl  ci|uivalent 
of  ilic  hn. 

Law     III.~1'fK    (luaniity    of    an    hn    liberated 
tijuitl  to  llic  cleclro-clicinteal  eijiiivjilent  of  i!w  hn  iniili]^ 
]>lic<l  by  tl)c  total  quaniity  of  ckciricity  that  haj  ]■, 
Uirotigh  the  voluinctvf. 

We  must  not  leave  thi*  j«irt  of  the  sulijccl  will 
polntin);  otit  ihai  a\\  (Icl^tilt  connected  willi  ibc  ilinunsH 
of  the  apparatus  arc  omitted  in  the  above  suteinent  of 
laws;  indeed  it  i&  titc  possibility  oTomitlinc  these  del 
lUat  conitilutca  tlicir  simplicity,  and  the  greater  part 
I'nradiiy's  work  was  direOed  to  jiroving  tlut  wide  variaiio 
in  ttiebc  omitted  details  had  uo  eflcct  on  ihu  result 

The  un5{)<;cificd  |iariiciilais  wlii<:h  do  not  aflecl  the  lav 
may  be  biietly  summarised  as  fallows  : — 

(fj>  the  absoluti:  magnitude  of  the  curreni. 

(*)  the  I'.I).  at  [he  terminals  of  the  >-o1ian)ctcT. 

(<-)  the  xi^e  and  distance  ng^att  of  the  elect 

(</)  the  slieuglfa  of  the  sulutiun. 

<c)  the  source  of  the  currenL 

With  regard  to  the  first  four,  the  values  arc  mm-ess 
only  within  n-idt  limits,  and  in  jiracticat  vollameters  tbC'^ 
disreganl  of  Uiero  must  not  be  pushed  loo  (ai,  because  of 
secondary  actions  which)  although  they  do  not  alter  dte 
truth  of  the  Uirs  interretc  uith  their  j^ractical  application. 
The  UsI  (r)  c^iiutituies  one  of  tlH.-  stn)nj;i.-st  proofs  that  all 
cuiTcniK  of  electricity,  no  matter  fiom  wliat  Miuree  It 
may  be  derived,  have  absolutely  identical  properties. 

'I'llKORIKS    OF    ELXCntOLVSlS. 

When  we  consider  the  bcanly  and  interest  of  the  ex|M 
m<:nl:il  results  nitained  hy  elitirotyus,  how  in  itic  ' 
t)a\y.  l-'araday,  and  others  it  Kis  cmend-.-d  our  knov      ^ 
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luliitc  of  uiuny  compound  ttodicx,  rcv-cakd  to  us  new 

Icmvnts,  and  given  us  new  compounds,  wc  arc  not  siirpriscd 

lat  |ihilo)i(>|il>L-rs  h>v*:  hopcCutly  looked  to  il  lu  reveal  to 

cm  siill  greater  dcjilhii  of  the  niy»ivries  of  nature.     Thus 

phenomena  of  eleetrolrus  h:ive  aifoidcd,   ever  since 

■ir  discovery,  a  fascinating  field  of  speculation,  not  only 

pon  the  motecutar  mechanism  \>y  which  the  vurioua  changes 

arc  brou^tit  about,  hue  aUo  uj>on  the  nature  of  electricity 

elt^   and  llie  constitution  and  structure  of  atoms  and 

olecules.    'tlierc  are  still  many  problems  connected  with 

e  subject  which  arc  for  from  being  satisfactorily  solved; 

ut,    without  going    into    recondite    inaiters,   it    may    be 

lercMing  to  consider  vcr>'  biiefly  some  of  the  principal 

icorien  that  h«ve  been  advanced  from  tmie  to  time  to 

couut  for  the  fads. 

ITie    caitiest    plausible    theory    is    probably    that    of 
rolthuss,  wbo  in  1S06  published  some  siKCiibtiuns  on  the 
bjcct.     He  considered  that  the  two  electrodes  connected 
the  battery  were  iheicby  endowed  with  attracting  and 
repcUini;  proj>erti«)^     For  insUnce,  the  kathode  was  said  to 
attract  hydrogen  and  repd  oxyi^en,  wliibt  itie  aiiode  had 
the  O|)posite    property  of  aitiacting  oxygen  and  repelling 
hydrogen,     limn  eacJi  molecule  of  water  found  itself  under 

I  the  action  of  foices  which  tended  to  drag  its  hydioi;en  and 
pxygen  atoms  In  opposite  directions.  'I'he  litst  cflect  of 
this  wouKI  be  to  set  the  molecules  with  their  hydrogen  ends 
[if  wc  may  so  regard  a  molecule)  turned  towards  the 
kathode,  and  ihcit  oxygen  ends  turned  towards  the  anode. 
S'his  is  represented  in  the  annexed  figure.  Row  ■  is 
I  meant  to  represent  a  let  of  raoleeulcs  with  their  heads 
^^ndiHcrcntly  turned  in  all  directions  before  the  battery  wires 
^Htre  joined  up.  The  shaded  jHirts  of  the  ellipses  are  intended 
to  represent  tlie  hydrogen  or  electro- positive  ends  of  the 
molecules,  and  the  unsliadcd  parts  the  oxygen  or  electro- 
negative ends.  Kow  2  is  supi>oscd  to  rci)retent  the  first 
u  2 
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eflcci  or  ctMttideiing  the  balterf  circuit,  nil  ibc  shaded  |ians 
l)einK  turatrd  to  the  riglil  and  the  unshaded  parts  to  the 
left.  Then  ii  is  stijiposcd  th«  L-ach  inoleculi;  w  luni 
aGundcT,  undtr  th«  xtion  of  the  vkctric  aiiraclionv  nnd 
rcpuUiun^  the  hjrdrogen  part  inovinj;  towaids  ihv  k.itliodc 
U,  and  the  oxygen  |»irt  lownrd  thv  niMide  A.  Bui  in  ihu 
intddteor  the  liquid  (la*  hydrogen  o(  nny  ntoieciilc  mL-ets 
ihcoxygL-n  <>f  the  mokciiIfwnihi-iighlnin»n|ilhcullicT  way.j 
and  t  milled  into])'  combines  niih  it  to  form  a  ncir  moknili 


ri(.  tta.'-e>HnBiHac«l£l<(ii«l>>i>. 


of  wali^,  as  shown  in  row  3.      Ilius  only  the  hydiogui 
of  the  inoWule  next  to  ti,  and  the  oxygen  of  the  moknile 
next  to  A,  are  unahle  to  find  new  partners,  and  a|t]iear  on , 
the  respective  clecuodes  as  frt-v  j^awH. 

It  should  Ik:  noticed  that  tliis  theory  supixiucs  thai"' 
(k-c«m|)ijsiituti!t  mice  |>hi^  thioughmii  the  hquicl  between 
tiK-  elccirodeti,  bul  except  at  the  Inner  the  d«coin|>ositions 
are  imnvediately  foUowed  by  rccoin1>iiutions,  mi  thai  il  is 
only  al  the  cicciioilcs  Ihai  cii<)eiwcs  of  decomposition 
npiH'Ar. 

^V'ilJt  this  ricw  of  the  niallct  Faraday  acitw,  but  lie 
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difTm  Tium  CnrfihuRR  in  j-iciiliiitK  ihc  a<  tive  c.ivisc,  m>I  lo 
ihc  mirjaion  aii<)  re|Hilsion  of  ih«  tlcctrmlcs  acting  ni  » 
dJHUnri;,  hut  lo  inicnul  molc<:ul:ir  Torcvs  lalletl  iniii 
play  by  the  (lawngc  irf  lltc  curn-nt.  Ht-re  ix  wJiat  he 
B^ys:' — "  I  roiictivi-  tUc  t-flctts  lo  aii^c  from  forces  wtiich 
arc  inttrital.  rclalivc  to  thi-  mattt-r  imtkr  (IccomiKisitioT), 
atitl  001  f.xternaf,  at  tlwy  niighl  In.-  conftidcix^I  if  dirwily 
<)epcntjt;ni  on  ihc  potei.  1  Hipfiosc  that  tltc  vtTccU  arc  due 
lo  a  intxlirmtion,  by  the  clcclric  current,  of  Ihc  elicmical 
uirinity  of  il)c  (iiirliclt-s  ihrotigli  or  l>y  whirh  llic  ctincnt  is 
(UiMing,  giving  ilitm  llic  [lOwer  of  ailing  more  fortiMy  in 
anc  direction  tluin  in  .another,  and  L-oi)Kqticntly  mnkin};  ihcm 
TAvel  by  a  scries  of  suixeutvc  decompositions  and  rccom. 
site  directions,  and  linnlly  rJiKing  ihcir 
I  um  at  ihc  boun<hries  of  ibc  body  under 
lecomitosiiion,  in  the  direction  of  the  current,  nmdihat  in 
nrgcr  of  Kniallcr  quantities,  according  as  lh«  current  is  more 
pt  IcM  iwwcrful.'' 

Faraday  w<;nt  a  ntcp  fiitlbcr,  and  ntalnUiincd  thai  con- 
iuction  in  uleettolytcs  tw/i'  take*  place  by  means  of  electro- 
plysis — that  is,  by  the  decofn[KMitionK  and  recom  posit  ions 
already  referred  Xo.  Hut,  as  we  have  shown  nlien  dealing 
ritli  the  ibenry  of  ptimary  and  scconiUry  batteries,  to  effect 
,  given  <lccom  posit  ion  clcdrically  reciuires  a  definilc  electric 
pressure  depending  «|)on  the  potential  chcuiici]  energy  of 
the  scp^irAtcd  ions.  'llierefDre  to  force  a  current  ihrougli  a 
watvr  voltameter  xlioidd  rt-quirc  a  Iwttcry  with  an  K.M.i-'. 
of  no*  kss  than  156  volts,  the  cicririe  prcjsvirc  of  h)'dr(^en 
in  an  oxydt&ing  medium.^  Until  this  pressure  is  reached, 
therefore,  there  should  l>c  nn  curcnt,  for  until  then  there 
can  Iw  no  electrolytic  dccomposiiion.  laraday,  however, 
himself  showed  that  a  single  IJantcll's  cell  {E.M.F.=  ro8 

»  JTiiynw/B/a/  Rttt»nhi$.  Seriw  V^  pir.  J**  0"*'.  '8j3)-     The 
XtfS.  luc  hninilaj'). 
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volu)  could  mitiiitain  it  ivry  uvak  rurrenl  for  many  dnyii 
throui;h  n  water  voltameter,  alilmugli  there  wns  no  n\t\tet>t- 
ancc  of  gaa  at  the  electrodes. 

Hclmhollx  has  more  rcc«nlly  shown  tlial  (his  very  wtak 
eurrent  entirely  ceues  if  certain  precautions  are  ukcn. 
When  tliese  precautions  are  not  otMerred,  he  ni[)))oui  the 
feeble  current  which  passes  to  lie  due  lo  ibe  presence  of 
small  (guantilics  of  free  oxygen  and  hydrogen,  which  are 
iixualty  in  j^oliition  in  most  li^juvds  ex|>oscd  to  air. 

CliLuius  explains  tlie  known  facts  in  a  different  manner, 
ba&cd  upon  the  kinetic  theory  of  the  constitution  of  liquids, 
according  lo  which  the  molecules  of  all  liquids  are  neces- 
tarily  in  motion  .ind  rollidinp;  with  one  another,  the  mcjin 
velwrity  increasing  with  K&e  of  temperature.  Even  at  loir 
lemi>crattircs,  however,  he  supposes  that  some  of  the 
indiviilual  colliiEions  are  MilTioiently  violent  to  break  up  ibe 
collidinjj  molecules  into  (heir  constituent  atoms,  whicti  go 
rambling  in  the  free  st^tc  through  the  liquid  until  they 
meet  with  new  partners,  with  whom  they  mmbinc-  It  is 
upon  these  wandering  atoms,  and  not  upon  the  molecules, 
that,  ns  he  maintain.^  the  electric  action  is  effective,  causing 
their  y3\\w  to  be  deflected  from  what  they  wotild  otherwise 
have  been,  kd  tlial,  on  the  whole,  tlie  electro  [KMi live  atoms 
move  towards  the  kathode  and  the  dcctrancgativc  ojwt 
towards  the  anode.  SiiKe  the  velocity  of  molecular  motion, 
and  therefore  the  freqtiency  and  violence  of  the  coltisions 
increase  when  the  temperature'  rises,  we  sho*ild  exjiect,  if 
Clausius'  ihcoi)'  be  correct,  that  the  conduaiviiy  nf  electro- 
lytes should  increase  with  the  temperature,  since  at  a  high 
temperature  tlierc  must  l>e  more  free  atomt  in  the  liquid 
than  at  a  low  one.  That  the  conductivity  docs  rise  with 
the  lemiierature  is  a  well-known  experimental  fact,  elecir<h 
lytes  in  this  retr|>ect  diffcrinjf  from  rodals  whose  conductivity 
is  less  at  a  high  icmpetature  than  at  a  low  one.  Cbusius' 
tlieory,  therefore,  though  not  absolutely  and  concluxivciy 
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2.  Laws  of  Thermal  Action. 
The  Klnlcmenl  of  ihe  laws  of  the  "  OMTnul "  action  of 
cicrtik  current  will  not  detain  us  long.  The  brevity  of 
the  trcMmcni  Is  not.  hontvcr,  tint  to  any  lack  of  interest  or 
of  hc-July  in  the  |>licnomeiMi  inwlve<t.  Init  lietausc  if  wc 
wcic  lu  ivX-fvn  the  theimal  cfTe*  i.t  into  all  their  conscqui-nceK 
in  ihc  numerous  cases  in  which  ihey  arc  manifcMcil,  we 

ihouM  wcli-nigh  have  lo  lay  Iwforc  our  readers  .1  tre.itlie  on 
he  cri|;nale  science  of  "  He.ii."  Wv  »h:itl,  ihereftue,  con- 
Ine  ounelve!)  to  contidering  the  InwK  governing  oidy  the 
•reJutlinn  of  heal  in  a  ciinenl cirrying  conductor, 
In  a  subeoqiient  port  of  the  bnok  wc  fthall  consider 
ome  of  the  uses  made  of  this  prodix-tion  »f  heat— as,  for 
rtslance,  electric  li^hiiiiy,  heating,  atxl  welding :  as  well  as, 
more  biicfly,  how  it  may  be  applied  to  the  measurement  of 
the  cunent.  The  laws  of  production  only  will  he  dealt 
with  at  prcseJiI. 

The  law  n**V'^"in8  'he  rale  of  production  of  heat  by 

c   current   nas  first  cle^irly  expounded  by  Joule,  and  it 

ixually  known   .-i!i  Joule's  LftW.     It  may  be  enunciated 

itu : —  Tfif  rate  ■-/  produiUon  I'f  kiat  by  an  tluirii  (Nrtinl 

■sung  t/iri'ugh  a  raiafana  it  />ri>/«rlioual  U'  tht  reai  stance 

H  i«  lAf  aqoare  of  the  current.    In  this  enunciation 

the  current  iv  !;up]>OM;d  to  luivc  Ix-en  already  defined  by 
eitlier  iu  magnetic  or  chemical  effeci,  anil  it  is  to  the  t^uart 
j      of  the  cunent  so  defined  that  the  talc  of  produciioa  of 
^^leat  '»  prniKirtioiuiL 

^H      A  furious  liiK  of  Tea»oning  led  Joide  to  predict  this 

^■Itnr.     Expcsiineni  sIiowh  that  if  a  certain  cutrenl  be  passed 

^■through  a  ccrUiin  wire,  the  rate  of  production  of  heat  is  the 

same  trhuhc^vr  vay  tkf  eurr/Ht  H  fxtned  Ihrvugk  tht  mn. 

n  this  resiiect  the  thermal  effect  dilTerx  from  the  magnetic 
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(ii)cl  rliniiK-.ll  effccls,  which  afe  IxXh  fcrerscd  if  Ihc  cuirait 
Ih  fcvrrocd.  If  Ihc  ihcmul  effect  wrre  siinthrlf  rrrcnnl 
IN-  *h(iiihl  luivc  ihi!  [fotliMiHjn  of  tKai.  or  ^fiuxi  **hcn 
ihr  itiirvnt  n  pn»n)  on*  way  through  ihe  win-,  and  ihe 
n1)»nrpllf>ii  of  hcnt,  or  m>Jing,  when  titc  current  »  paned 
Ihc  niticr  my  ihrotigh.  Such,  however,  is  iio«  the  case ; 
Ihc  cffitl  i*  nlwayt  a  hcniii^  efferl.  anJ  inerram  wilh  ihf 
iHftmif  I'f  t^  turrtnt.  Now.  algrhhiicilly,  ihc  t^ujrt  ff  a 
nf,enfiiY  qiMniily  k*vcs  Ihc  Hnmc  fviiilht  result  ss  the  si/uart 
<•/'  at  ^vilin  qunniiiy  of  Ihe  same  niinKitcal  magniiwlr. 
Kl)M-i^.  ihLTrforf,  ihr  chnngo  of  ihc  nirrcni  friim  positive  to 
iii'ittllti'  |>ttKhin;)>  no  rluitsc  In  ihc  elfect.  JihiIc  conchidol 
ituil  Ihnl  crtccl  n«u»l  l>c  pioponiooal  lo  ihc  si|iuire'  of 
llw  cumwil.  Kx)>cr^ment  has  alwndanlly  confirmed  Ihli 
ill  .  I         >>ii'^|it-iton- 

I  .  .  Law  nlno  nvK-rtt  that  ttie  rate  or  pmduciion  of 
IviNti  ■>/  <t  i^t*t  i^m-Ht  )»  ([MToponional  to  the  rcuslancc  of 
(hi>  )i"'  '■'■  '•■■  lli*  this  fact  that  pivcs  to  the  word /r/M/i/mr 
tlK  itt'i  '«*  ii^  A  name  for  this  pariicutor  property  of 

tiiti(Ut<  l»t>i  IW.  «■*  w-c  h.tvi-  )uU  Mt^ti.  and  as  wc  have 
lichiif  *  f\|'ltiiu-.l.  thtt  i>ro<1u<-tion  of  heal  is  of  the  same 
itMliiiw  M  «i  •/ ]wodaclions  ol  heat,  inasmudi  as  the 

pli^vt*  U  I' ■■  .1  M.w.-.  Si)  imiMwtanl  k  this  view  iif  the 
iiHIIi't  lltAi  ll  ii  inihApn  mute  philosofthioal  lo  dcfme 
•■■ttiriiilM'o  Uy  KfririK*'  u»  the  hcAi  produced,  in&tead  of 
il>^lhtlim  II  A*  Ihe  tnilo  of  (Kutcntial  diflercnne  to  currctiL 
I'nim  Ihik  (ntlttt  uf  Mkm  rcsivtanre  would  he  defincti  as  the 

mllit 

II(m1  Kfifi^ird  }'*•»  woond  in  ihe  cowdaciOT 
rtetti  liantinitied. 

And  IhU  *Uritit|ii>n  ci  ti-^'MAnc*  becomes  of  value,  as 

I  I,  L    ...,.1....,-.,   -    ...,-,.   -•  -  t>cK>iUt  tjualitj  li  pndltvt, 
lati  ],iii  '.-I  povm  ttiMC  Ike  tceoMil 

(ill      TlJ^.  !■■      .ll*>      '      1.'     I.TV     <"t\*. 
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tnlCT  iin,  nlien  we  Itave  la  deal  with  fliictimttnf;  or 
^UOTtatirii;  curriMitit, 

It  fallows  (hat  if  the  s.ira<.-  ciincnt  Ih:  nicccKsivd)*  passed 

iniugh   wires   or   tho    k:iiiic    (linnii;H.T    liiit    of   diffrreW 

nlrmls  iIk»c  wires  wliich  h.ive  llio  liii^hcu  s|ici:ilir  re»i«t' 

nice,  and  lUcu-fiire  the  liifj'icsl  arlual  resistance   for  .iny 

^vcn  length,  will  liecomc  holler  than  those  of  lou-er  sjiccific 

esistanre.     A  prcity  experiment  to  illinirale  this  is  shown 

In  l-"ig.  163,  in  wlil<:h  a  chain,  ronsisiini;  of  alternate !iiik«iof 

ubtiniini  {Pi)  and  siUvr  {Ai;)  matie  of  the  same  i;.iiigc  of 
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rJK,  is  ttretchetl  I>etween  two  cxunliictiog  posts.     When  a 
uilaMe  current  is  parsed  along  the  chain,  ihc  platinum  links 
ccome  red  Itot,  whilsl  the  silver  ones  remain  cool  and  dark 
because  of  their  lower  resi.itance. 

So  far  we  have  dealt  only  with  Ihi-  raU  of  pioduction  of 

heu  in  a  conductor  through  which  a  current  is  DoKinfi.    If 

lie  current  l-c  strady  the  rale  of  production  is  steady,  and 

■  tftalhGA  pro<Iuirc<l  in  a  ^iven  linit-  'a /•r/)pi>rtii>nalWi%hv 

ime.     It  od^lil,  ibcrcforc,  lo  be  potait)le  to  expnaa  Ihc  heat 

produced,  as  measured  in  ordinary  heat  units,  in  terms  of 

current,  ihc  resistance,  and  the  time-    This  can  easily 

done.     If  H  Iw  the  fotal  heal  {jeneraled  in  a  given  lime, 

measured  in  luandt,  bjr  ft  current  of  a  atHfiim,  floirir^ 


314 


The  Electric  Ccsxef/T. 


through 
have : — 


a    conductor    whose    resistance    is    R   ohmi, 
H=o-a4  A'R/ 


In  this  equation  the  heat  is  measured  in  malaria}  and 

the  muhiplier  o'z4  is  necessary  in  order  that  the  result  nu>' 
appear  in  these  the  ordinary  heat  inits.  If  this  multiplier 
is  omitted,  the  quantity  of  hezit  wiU  be  j^ivcn  in_/"«/w  ,■  •  and 
if  it  he  re()uired  in  other  units,  other  muUiphers  must  be 
used. 


'    I'idt  p.  28, 


-  Fide  p.  4U. 
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CHAPfF.R    VIII. 

LAWS  OF  MAONETIO  ACTION. 

In  the  r1u|>ter  u|hiii  tl>c  "  Mcclunica)  Piodiirlion  of  t^e 
Current"  wc  have  ttcall  in  dcWit  (pp.  f38io  151)  upon 
icvcral  of  ihc aspects  undvr  which  the  iiwynetitr  .■utiim  of  iht; 
current  may  be  viewed,  nnil  wc  hare  traced  ihc  consc^jucncex 
that  action  in  several  imjtortani  cases.  In  <loiii]i;  this  we 
1.1VC  employed  throughout  I'';ir.-i(lay's  th<:ory  of  the  magnetic 
strains  nnd  stresses  which  wc  know  CAixt  in  the  incdiuin. 
whatever  ihal  may  I)e,  in  which  the  conductor  carrying  the 
current  is  immersed,  the  tircsses  being  graphically  repre- 
sented by  ihc  "  Lines  o(  Force  "  whicli  we  have  used  fnrely. 
In  connection  witli  lhi«  method  of  vicuiii)-  the  |:>)icnomena, 
(liere  reiiuins,  u'ilhin  Ihc  scope  of  this  iroik,  little  else  to  be 
liveO'hut  the  numcfica)  datn  with  which  experiment  has 
supjilicd  IIS. 

])ut  t)ie  consideration  of  the  magnetic  action  of  the 
cuncnl  would  be  iiKonipleic  without  some  reference  to  the 
brilliant  discorcries  of  Ampere  on   the  mtitual  actions  of 
irreni$  on  one  another,  and  of    uiagneitt  on  currents ; 
X|>rrimeni5    which    were    made    ten    ycais    earlier    than 
aradiy's.     In  the  form  in  whi<rh  these  experiments  weie 
itst  given  to  the  world,  the)-  were  aocompanicd  by  a  com- 
plete mathematical  analysis  and  explanation,  liaite<t   upon 
certain  proliable  assumptions  in  which  the  action  of  the 
medium  was  ignored,  U-mg  re]>b<re(l  by  theories  of  direct 
ction    at   a   distance.       With   the   action   of   magnet-t   on 
irreni^  di»covcred  bj-  Ampire,  we  ^I^all  not  now  concern 
ouRtclves,  but  refer  the  reader  to  page  140,  in  which  ways  of 


J 


JIfi 


7>/tf  Elf.CTRK  CVUKKMT. 


sliowmi;  tlic  action  arc  clcxcribed.  1'he  nclian  in  any  ulticr 
given  ca.«  can  be  readily  ficdured. 

The  currents  nvailalrle  for  (xiK-rimcnt  in  ibc  nrly  put 
or  ihn  cnilury,  tidng  (inKliKnl  by  jirinury  luUteric*.  were 
small  coiii|>ar<Hl  with  those  Ihal  (.-in  now  l>«  i»bccd  at  the 
dispns.l1  of  t)te  physicist ;  consequently  the  vaiioiis  effects 
of  the  ciitrenls  were  correspondingly  small,  anri  o(  thcie 
effects  tlic  mcrhnnicnl  anion  on  one  another  of  two  tiraigtit 
cnndurlors  (-nTr>'in;t  si><^h  eurrenttt  is  very  minute.  Hnd  U 
liccn  at  nil  coniparaHc  with  ihc  mechanical  a<:ti>in  bclwccn 
two  well  magnetised  pieces  of  steel,  its  discovery  would 
prolKibly  liavc  fullowett  more  (juickly  upon  the  diKovcry  of 
tnciboda  of  maintaining  a  coniinuotin  eitrrent  in  a  cirrait. 
To  ilelect  the  artion,  the  conductor  acted  upon  mnst  Ihcre- 
(ott  he  very  free  to  tiftO«.  Hut  cleetrit  oirwnis  only 
flow  in  elojcd  circuits,  one  part  of  which  must  include  the 
b.illcTy  or  dynamo  or  other  K-at  of  the  I1.M.K  Unless. 
tluTcfiirc,  we  .ire  j>Te]«rerl  to  make  live  whole  circuit  mov> 
able,  as  wa*  :iflei«arils  done  by  !>;  i-t  Rive,  sonic  fonn  of 
sliding  connection  between  the  fixed  and  the  movable  pan  of 
the  fircuit  mnst  be  devised,  itnd  this  sliding  connection 
miisl  Ik-  vciy  free  from  friction.  Onecrf  Ami)tre's  ingcnioitx 
dwico  for  aecomplishin);  tliis  is  shown  in  Fig.  164. 

The  wooden  pillar,  B,  has  two  ronrentric  gnxn-cs  at  its 
upper  end,  which  hold  mcrairy,  into  which  tlie  ends,  x^jf, 
of  the  circubr  condwtor  dip.  litis  circular  condiKtor  is 
supported  by  an  imiutating  pillar,  (.',  by  means  of  3  needle 
point  attached  to  the  highest  part  of  the  conditctor,  and 
rcstirtg  in  a  hollow  cwp  at  the  top  of  C  One  of  the  con- 
ccntiic  rings  of  mercury  is  connected  by  copper  stTi|« 
through  a  commtiiator  (on  the  left)  to  the  lenninnt  marked 
+  ,  and  the  other  to  the  leTmin.1l  marked  — .  From  llicse 
IcriDUinls  a  current  can  be  passed  in  the  direction  oT  llw 
arrows  throtigh  the  circular  i^onductOT,  which  is  very  fnt 
to  rotate  rotind  the  vertical  axis,  C. 
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A  circle  M>  mounicd  will,  ns  wc  hare   previously  shown, 

Mrt   it&elf    vitti  itx  pUne  :it  right  angles  lo  the    canli's 

niitgnctic  meridian  wlicn  the  cuncnl  tlow!^,  and  it  U  lield  in 

position  by  »  rorcc  which,  ihuiigh  nnall  in  itself,  is  great 

i[i;ircd  with  thai  i:xr-iti.-<l  on  it  Uy  any  other  &in]i>lc  con- 
ddirtor  in  its  neigh bouflraod,  csrr}'iiig  a  ciiticnt  uf  the  utnc 
order  of  magnitude.  To  obscnx;  the  latter  effect  it  iit, 
ihcn-'forc,  ncoesury  to  devise  tonic  mcjins  of  elinitnatitig  or 


I 
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neutralising  the  earth's  magnetic  miction.  This  Ain|*&Te 
accom|tlishc«l  by  using  the  asiatii;  rc<^^tnnglcs  shown  in  Figs. 
165  and  166,  The  )>iinci(iJe  einiJoyed  is  tu  m.ikc  the  mov- 
able pan  of  the  circuit  consist  of  two  reclan^len  in  tite  »me 
pbi>c,  of  about  cfiiinl  ,trc.n.  joined  in  scries  with  one  another 
in  such  a  nay  th.)t  if  the  nirrent  flovs  in  a  clock-nisc 
direction  round  one,  it  flows  counter-clock wt«e  round  the 
other.  If  iIicm;  rectangles  be  then  symmetrically  mounted 
with  rcgsud  to  the  axis  ot  rot^ition,  the  ctrlh  will  tend  to 
turn  them  in  o|)positc  dircetions  wiili  cjual  efforts,  and  any 
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lantUmcy  nl  one  of  them  to  touic  mil  be  countatiaUaoal 
liy  lltL-  tr|(|>u»ftc  tcndcnvy  u(  the  other.  The  munble 
(riincwufk  irill,  lltrfcforciicmun  indiffierentljr  in  any  posHMn 
In  which  it  hAiipvnii  to  be  in  when  thu  canent  statu.  Tbc 
riimnhlc  reit^nKlvN  in  KJg.  165  arc  tii*|M'fHlc<l  from  Uic 
met.  tify  cuiw  .»  and  />,  nrnl  lhc»c  ate  jiiiik<1  10  the  rot  of 
iIm  ttlfrult  Uy  tueaui  of  the  Httff  wires  juid  the  mcrotry  cois 


Pig.  ■»!— Auia  tl  rmlW  C«mn>, 


A  wtd  II  in  the  Itaiv.  Now  l«i  another  vrirc  carrying  a 
PUtTOil  be  lir^Mijihi  U)>  (Muatlcl  to  one  of  the  outer  vertical 
■klea  or  the  fntucwork ;  it  will  be  founiJ  that  if  the  two 
cuncnt .  ■■,)(i,  say  downwanb, 

iu  m  '.:  mother.     Butt/  the 

neareu  (.uneniii  Arc  in  I'/^stte  dinrtM'us,  say  ooe  upKatds 
itnd  the  ulhcr  tldimw^rds  there  will  be  rtfiuttuu.  From 
c>|>CTiiiivnu  or  lli»  kinj  Ain^re  dedaccd  the  Ixttt — J'u-a 
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«//<■/  Urtii)!hl  dutdHdori  attfOft  fir  rrpti  ta<h  ofher  Mtoniing 
I  Ike  (urrtnfi  in  ifiem  Ante  tkt  tame  or  ap/'mi/e  dirtethm. 

When  Ihc  cxinductors  »ic  not  iioriillct,  iIkic  may  Mill  be 
Kraciiun  of  rcinilsioii  nliich  may  be  dvriion^i rated  by  mcjiitt 
ihc  iipiunuus  sliowti  in  Fig.  166.     In  ibis  ia<tc  ihcn&utic 
tanj^ln  .-ire  uajiended  from  the  cup  a,  at  the  top  or  lite 

uptight  pillar,  and  nic  joined 

to    tbu   outer  circuit  by    the 

wiroH  X  and  y\  dipping   into 

the  concentric   mercury  cm\« 

contained  in  ihc  base  B ;  lb»c 

mcTciir)'  ctips  atv  nKtallically 

tiinnt^t^  ly  apprQ[>riAtt:  mr- 

nitoaU  not   sliuwn.      In   the 

fixed  conductor  the  current  ia 

l»ou){ht  up  the  outside  of  tW 

tulie  h,  and  after  jiursiiinF:  the 

path    figured,    is    taken  jw.-iy 

tlown  a  central  wire  insulated 

from    the    outer   tulx:.      Tht: 

action  tbat  will   be  obseived 

is  that  Ike  woniM'  conduetfr 

loHl  always  sirizx  la  sti  ilsti/ 

la  thai  Us  mrrtnl  it  pakai.LHl 

taand  in  ihe  s.vMS  direction 

its    tke   airrent   in   Ikt  fixed 

tartJtutor. 

If  the   two   COndUdorS   I>C     n«.  i«.— Aoimof  tnciintdCumnn. 

nccanitcly  at  right  angles,  there 

will  be  no  aid'on,  but  tlu-  mechanical  momeiltuni  lliat  <viU 
be  acquired  by  ihe  movable  framework  will  be  sufiicicnt  to 
auiy  it  post  this  "  dcad-iioint "  if  it  be  necessar>-  10  pass 
throufili  it  in  order  to  take  up  the  aliove  jiosition. 

Ampere  showed   mathematically    tbat    all    the   above 
actions  could  be  deduced  from  an  ekmenlary  law,  in  which 
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it  Will  iiMtiincd  iImi  each  litllc  t>it  or  one  circuit  acled  upon 
each  licilc  bit  of  tli«  oiliw  with  a  font  frttfcrhantit  to  iht 
(Nrrmtt  in  Ihtm,  and  imtruij  at  Hit  if$uin  H'/  Ikt  diilaiwt 
bttttmn  Ihfm,  dui;  allowiincc  being  made  for  tlie  nelative 
dircclion.'t  of  the  little  MxIa.  In  tonncciion  witli  this 
telelir.itcd  law  it  must  be  remembered  Ihiit  wc  uumot  t%- 
lierinirnt  upon  little  bits  of  circuits  taken  by  IhcmMtvOi 
liul  only  »n  conijiletdy  closed  ciroiits.  Since  Ampere's 
time  it  luis  Jtccii  shown  that  the  cx]*erimcnii  can  I>c  o- 
|iluineil  by  iiMuniing  other  Inws  Toi  t)ie  action  of  llic  litlk 
bits  on  one  anotlicr.  But  the  greatest  omission  in  Amjitre't 
theory  i»  ju  nciglect  uf  iny  allowance  for  the  action  of  the 
mediiiiii.  'Hie  c--ti>eriiiieiiH  were  made  in  air,  nnd  the  use 
uf  imii  :ind  in;i};iicttc  nialeriab  was  caicfully  avoided  <ii  t))c 
eonsliiK-lion  of  the  .i]>panttus.  If  iron  be  introduced  be- 
tween the  two  circuits,  the  actions  that  take  [>Iacu  are  i{uitc 
different,  and  depend  upon  the  mass,  shape  and  [Knocabihty 
of  the  iron.  In  fact,  the  attractions  and  rei>uUioni  arc  dtie 
lo  the  magnetie  ^uexsei  uf  the  itiediuin  sunauiiding  the 
eircuilv,  and  c^n  be  explained  by  reference  to  the  Lines  of 
l-'orce,  aci:ordinj[  lo  llie  rules  already  given. 


Linff  and  Tubet  of  R>rtt. 

Wc  do  not  propose  lo  consider  (he  numerical  details  of 
the  magnetic  action  of  currents  and  magnets  ok  base<l  ui>on 
aetton-at-a-disUince  theories,  but  shall  proceed  to  Miow,  iu  a 
gvncr.tl  way,  how  l-'aradaj's  theory  of  the  action,  being  due 
to  ttressca  and  strains  in  the  medium,  may  be  subj<-c|cd  to 
cakulaiion.  On  fiage  iiowc  liavcgiveit]-'araday'sdcliniti<i<i 
of  the  "ruAgnetk  curvits"  and  Iiavc  hinted  ih.il  the  lines 
may  be  so  drawn  as  to  ittdiirale,  iiol  only  the  dirc<tion,  l>iic 
al.iij  the  tnagnitiidc  of  the  forces  at  llie  dilTerenl  jiarts  of 
(he  magnetic  i\<M.  linn-  this  may  be  done  will  now  be 
nhown  as  simply  as  possible. 


L/.VES  OF  FiiSCB. 
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Ex|icrimciil  indicates  ihai  the  magnetic  action  of  a  cuiTcnt 
tir  of  It  magnL-t,  which  is  cquivak-ni,  for  our  present  purpose, 
to  some  di.Htribulion  of  otirrcni!)  oil  the  surrounding  medium 
is  that  of  a  slrctihtng  force  or  ttmii'it  .-ilong  the  lines  of 
irce,  and  a  itiucczc  or  prtisurt  in  alt  dircciioru  at  right 
igte<  to  ihem.  The  reactions  or  stresses  set  up  in  the 
medium  or  eiher.  as  we  shall  rail  it,  are,  of  toiiise,  equal 
and  uppo&itc  to  these  impressed  forces,  and  therefore  con- 
t  of  a  Icivdcncy  to  (onlraa  alons  the  lines  of  force,  and 
'Wat  tight  angles  to  them.  Hence  our  a«!^i-rtion  on 
■  15  that  )lie  lines  of  foriv  tend  "to  grow  shorter  in  the 
a'^iion  of  their  lengths,  but  to  tcpil  one  another  sideways." 
fact,  laking  any  straight  portion  of  a  line  of  force,  the 
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►/' 


r*^ 


3 


r^  It}.— Lin  «f  fvnt  In  Sinich«l  Kubui  Uonl. 


^Hlhcr  immediately  surrounding  it  is  in  much  the  same  Mate 
^^L  .1  xircicJ)c<l  cord  i>(  Iixlivi-nibber,  which,  as  suon  as  the 
^H>fces  stietching  it  ate  suppressed,  will  contract  10  its 
^^riginai  length,  and  expand  sidcwa)-s  to  its  original  crow- 
sectional ,  area.  But  in  UMng  ihU  i  I  lustra  lion  we  must 
caution  our  rejidits  ngaiiwl  su|ij)(»tng  that  the  ether  can  be 
jetclied  or  squeezed  lu  aii)iiiin(;  like  the  same  extent  as 
iarubbcr.  All  expeiimcnts  show  that  the  ether  is  highly 
;tretchable  and  incomprcnible,  and  that  an  extremely 
light  amount  of  stretch  or  .-ujuee/e  calls  into  |>lay 
iKirmuus  forces  of  restitution.  Bearing  thii  caution  in 
ind  we  may  use  our  stretched  rubber  cord  to  illustrate  the 
rained  condition  of  the  ether 

Let  A  B  (Fig.  167)  rtjwe>ent  3  |>ortion  of  a  rubber  cord 
retched  in  the  direction  of  its  length  by  means  of  appli- 
ccs  not  shown  in  the  figure-     At  every  cros.s  section,  C, 
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perpendicular  to  its  lenijlh,  ilwrc  vill  be  innumerable  bltlc 
Torco  in  aciioii.  such  as/and/',  which  ktid  lo  icar  ibc  iwfy 
itidnorilie  ciO!i.s*etti<>n  asundci;  these  fon:cs  will  Iwruynier- 
baknrcd  by  the  iittcinal  areuex  betwevn  the  two  skic*  ol 
the  SGClioii.  Now,  thex  forces  bciii];  diolrilwlcd  all  over 
Ihi;  KCtion,  accordinj;  to  some  Uw,  it  is  evident  that  we  r^n 
dividctbesL-ciionintun  numlicr  of  little  arc.i«,Mii'ha>iJ.ur:»i) 
convenient  sha|>e,  but  which  huve  (hi.i  prupeity  in  coiuttioo, 
\\u,  tliat  the  sun)  of  all  the  little  forces  on  one  vAt  of  (he 
area  is  e(|unl  to  the  unit  of  fotoc  (the  dyne,  or  the  jioiiikI 
nctghl,  or  whiUcver  unit  injiy  l>e  contcnieiil).  If,  iiow.all 
the  boundaiiea  of  thcie  ^nlnlt  aieu  be  extended  in  the 
diKclion  of  the  length  of  the  cord,  so  as  lo  tun  alvrjys  ulofi); 
the  lines  of  the  siren  (oi  force),  the  whole  mibslance  of  the 
cord  will  be  divided  into  a  nuinbu  uF  lubci  whose  triida 
will  appear  on  Ihc  tuo  lenniiuO  faws,  A  anJ  B.  Thu^  ihv 
vnds  of  the  lube  passing  through  the  boundary  of  a  will  Ik 
n  on  A,  and  a"  <m\  B.  Such  lubes  are  called  Tnbes  of 
force,  and  the  method  of  dravrinjj  them  shows  thai  if  ne 
i:onndcr  any  cross-Kcction  of  the  cord,  such  as  I  >,  the  sum  of 
Ihc  fottes  acting  acrot-t  the  section  a'"  of  any  tube  is  ciiual 
to  the  unit  of  force.  Where,  Ihetcfote,  the  forces  arc  great. 
Ihc  areas  of  the  lub<.-s  wiJI  be  small,  ami  where  Ihc  forn-s 
are  small  ihe  areas  will  be  Urge.  (Joiiseijtienily,  tut  guMl 
forces  the  tubes  are  nunieroiu,  but  diniinisJi  in  nlunber  as 
the  forces  diminish.  Now,  if  we  rtplau  uuh  futt  by  a  tiiu 
drmini  a/ang  Us  <r.m,  these  lines  will  Ik-  drawn  along  the 
Lines  of  Force,  aiKl  bv  their  disUnce  ajan  will  ^laiiliic- 
ally  rej>K-:ii.ni  ihc  uutgiiitude  of  tlK-  forces  at  each  pubii. 
WItere  the  lines  are  close  together  Uiey  will  correspond  to 
narrow  lut>cs  and  >;iL-at  forces;  where  ihey  arc  wi<lc  mailt 
ihey  will  correspond  lo  iride  tubes  and  unall  forces. 

Similarly  ttvc  space  of  the  uiagnelic  field  can  be  di* 
into  tuhcs  and  lines  of  Force,  and  it  will  be  lo  lint.  -^■ 
drawn  that  nc  slull  now  always  refer  when  w«  S)>cak  ol  the 
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•'i«iml>fr"  of  lines  of  Vokc  in  .iny  magnetic  field-     It  will 

ubviouv  thai,  if  in  such  a  field  *c  jilacc  a  *m.\\\  ntcti,  .sny 

>r  cardtioard,  ai  liglit  angle§  tollic  Lines  of  Force,  the  total 

Yorcc  acting  iicio».s  the  Area  of  ihc  card  (not,  honrever,  int 

I  the  cird)  will  lie  eijual  lo  the  lolat  numlicr  of  the  Lines  of 
Force  (hat  pass  ihrouijh  the  caid.  It  will,  of  <:otinc.  be 
understood  that  in  the  nugDclic  case  the  unit  of  dynamical 
force  tiscd  in  the  india  rubber  illustration  is  replaced  by  the 
jDoil  of  magnetic  force  defined  on  pagu  1 1 1. 


The   Maernetlo  Circuit. 

We  liave  dwelt  so  fully  on  the  proijeriieii  of  the  ningnetic 
circuit  in  the  pti-cwling  jwgc*  (a  10  to  a  13}  that  little  icinains 

be  referred  to  here  beyond  tin:  nielho<l.t  of  cxprctsing  the 

various  i]uanlitic3  in  exact  numbers.    Tlic  threi:;  diief  ijiian- 

litics  with  which  we  arc  coiiccmcd  sire  the  "  Magnetomotive 

Force,"  the  "  T0L1I  Flux,"  or  total  iiunilier  of  ilnsed  lines  in 

the  magnetic  circuit,  and  tbc  "Magnetic  Reluctance"  of 

the  circuit,    'ilicsc  quantities  arc  connected  by  the  sinnile 

relation  ; — 

,    „  ,  Magnetomotive  Force. 

Magnetic  RelucUncc=  -  *-  ^^^,  j,,^^ 

or  otherwise ; — 

MagnctofDOlive  FoTce=(Total  FluxJ  x  (Magnetic 
Reluctance.) 

It  ia  in  the  latter  fotni  that  the  relation  is  most  fitqucntly 
required,  for  the  usual  problem  is  to  find  the  Magnetomotive 
Force  that  will  t>c  reciuired  to  giroduce  a  certain  nuinlKT  of 
magnetic  Hnw  Or  Flux  in  a  given  ciieuit. 

On)Mige  1 50  we  have  stated  liiiH  ihc  A/axnelvmcfitv  Jvrw 
is  jiroponional  to  the  prcduct  of  tbc  current  by  the  number 
of  limes  it  i^  looped  (wee  Fig.  77)  through  the  magnetic 
.circuit.     If  the  current  is  incasured  in  anip^m,  ihi«  [iroduct 

knou'u  a&  the  "  jiiU|M.'re-tums,'*  and  the  Magnetomotive 
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Foice  is  [>ro|}onioiuI  to  the  ampbrc-lurns.    The  exnii  r<>n 
nection  is  ;— 

Magneioinotivi:  Force=-     -i-J-  x {Arop^Te-turns) 

=  r35J  X  Amiiircs  X  Turns, 
or  vvty  nearly  i|  limes  Ihc  niunbci  of  junjiirrv  liimt. 
KL-ciprucilly,  if  lh«  retiuitnl  MngnL-tomolive  Force  \tt  knom 
the  amptrc-lums  can  lie  calcuhted,  and  lite  metlind  of 
irinding  an  clcciromagnct  for  a  given  nourcc  of  current  can 
be  worked  out. 

The  quaiitimtivc  meaning  Attadicd  to  the  term  "IJnes 
of  Force"  has  just  hccD  cnTefuliy  eii|ibinc<I.  Ity  the  tetui 
Total  /-'/hx  is  wniply  meant  tilt  loul  number  of  lines  of 
force,  drawn  in  the  mannei  set  forth,  which  are  present  in 
the  field.  'Hiese  Lines  of  Force,  it  must  always  he  rerocin- 
bercd,  arc  closed  curves.  In  the  magnetic  curcuii  of  a 
dynamo  machine  we  ha\-ti  to  deal  with  millions  of  aich 
lines. 

The  physical  meaning  of  iJte  term  Masnttit  Mtltulana 
has  been  explained  at  jiagc  151.  lu  numerkal  vahie, 
honcver,  is  not  eavily  calculated.  It  de]>ends  upon  the 
permeability,  t)ie  aoss-seetkin  of  U»e  (-ircuit  |>eq>(.-ndicular 
10  the  lines,  and  the  length  of  the  lines.  All  these  factors 
may,  and  nstially  do,  vviry  greatly  in  diflercnt  pans  of  the 
circuit,  and  hence  there  aiitcx  the  dilfinilty  of  the  ralru 
lation.  Hie  princtpk-  of  the  calculatton  is,  lionever,  easily 
grasped ;  it  is  simitar  to  the  calculation  of  the  electric 
resistance  of  a  conductor  from  tlsdimensionsand  the  known 
specific  resistance  of  its  nulerial.  Thus  tlie  reluctinnc  nf 
any  piece  of  the  circuit  of  uniform  cross-section  and  per 
meaUliiy  is  pruporiionnl  to  its  length,  and  inversely  propor. 
tionat  to  its  permeability  and  crOss-seetion,  or  in  symbols : — 

Reluctance  =  — 
whciL'  /  iiimI  a   Bijitd  for  k-U);lh  nn<l  tinvitcititiital  arita. 
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and  fi  sMikIn  Tor  )ierriii:nliilii)-.  Tlic  Kiniil^riTy  of  this 
furtnuU  to  ihal  already  ffxcw  (jx  aSj)  for  ihc  calculation  of 
reMstnnce  is  obvious,  For  [he  full  calcul-iiion  th«  whole 
drctitt  imiM  be  dividnl  into  piwi-s  to  nlijcrh  the  at»ove  con- 
ditions a|i|)l)',  aiui  tlie  value  of  the  lelut taiicc  must  be 
cakutatcd  for  c«ch  piece ;  ihc  testills  have  then  lo  be  com- 
bined 3C4;oTding  to  ndcs  simiUr  [o  those  given  on  |Mge%  287 
and  JH9,  for  ihc  cjileidaiioiiof  [i-sii.i3n(ri-%  joined  in  [MLrallcl 
and  seiics.  \V)iere  dw  cin;uil  toiilaim  im  iTia(;nolic  ma- 
terial the  value  of  fi  i»  1,  and  (lie  calculation  is  sini]>liAcd, 
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though  even  ihcn  the  calculation  is  by  no  means  an  easy 
one.  But  where  the  lines  run  through  magnetic  inatciials 
the  values  of  it  have  to  be  asrerluined  Iroin  rceordit  of  (he 
results  ot  previous  experiments  collccled  in  tab'es  or 
graphically  depicted  in  curves  such  as  are  shown  in  Fig.  75. 

This  menmrcineni  of  (he  values  of  ;4  for  dilfcrcnt 
ntagneiic  niateiialt  uuiJer  ditferent  eondicion.'i  of  Kattim(ion 
is,  tbcTcfore,  of  the  highest  imjwrtancc  in  ckc(ro- magnetic 
work,  and  we  shall  biicfly  describe  one  method  out  of 
many  by  which  thci<c  values  may  lie  ascertainct). 

Fig.  168  shows  diaj^rammatically  the  arranKcmcnc  of  the 
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aplinntlUH.  The  malcrJal  to  lie  tcMctl  is  made  in  llic 
romi  of  n  rinii:  of  unifonn  cn»«-SL'clion  wu)  {ivrr  wound 
with  A  (-oil  (>r  in»iblvd  copper  niri',  .ik  tiho«'n  !•;  the  ihkk 
line  in  tlic  It^^urc.  The  ends  of  ttiU  wire  are  tirodglit  (o  a 
rewreiiig  key,  S,  liy  mciuis  of  whicli  ihc  cunent  from  ihe 
bnilery,  R,  cjin  be  set  lotind  the  wire  on  ihe  ring  in  cither 
direction  at  pleatiiie.  It  is  an  nclju^^talik  resittanre  an<l  A 
is  an  iiMi[itTc-metcT  for  meaxunng  in  uin|>cfc3  ilic  mrrent 
sent  luuntl  i\\k  coila  on  the  ring.  As  the  number  of  lumt 
bt  these  coitB  can  be  counted,  the  ampbre-turns  nscd  to 
tt>n([neiiHe  the  ring,.-in<l,  therefore,  the  Maipielomolive  Force, 
arc  known.  To  incdHure  the  Total  V\\i\  produced  l>y  this 
Mugneloniotivc  I'urcc  a  knon-n  nuinbct  of  tuniH  of  fine 
wire,  forming  n  sc(:on<ljiry  eoil,  are  woun<l  round  one  (inn  of 
(he  ring,  and  these  are  placed  in  closed-circuit  with  a 
iMlliKlic  galvanomclcT  (jw  jttgc  5S9)<  ^  ^-  ^^^n  the  current 
in  ihe  battery  circuit  is  suddenly  turned  <fn,  a  number  of 
magneiic  lines  are  ilireaded  through  this  smttl  coil,  and 
according  to  tlic  principles  of  magneto  electric  ituluotkin, 
Ihe  change  in  the  m»gnc;ic  flii\  gives  ri*c  to  a  traniienl 
iruluced  R.M.F.  in  the  coti,  and  a  corre>p«>ndiii!;;  iransicnl 
cunent  in  the  galranoinctcr.  From  the  n>ovemciit  of  the 
galvanometer  needle  (lie  valtK  of  the  H.M.K,  nnd,  therefore, 
the  nunit>er  of  line*  threadi.iI  through,  can  l>e  iiifcrre*!.  The 
ratio  of  the  Magnetomotive  Force  to  this  Total  Flux  gives 
Ihc  reluctance  of  the  ring,  and  a  simple  calculation  gives  tlic 
|>CTnical)ility  of  the  material.  Tlic  cur\'es  of  |)CTmeal>iIity 
given  in  Fi^.  75  were  obtained  tlms  by  Dr.  J.  Hopkinson. 

Magrnoto-EleotPio   Induction. 

\\'hen  dealing  with  Faraday's  dUoovery  of  ktsgncio- 
electric  Induction  we  sho»«d  (page  173)  that  the  LTirrents 
induced  in  a  circuit  under  induction  defended  up<>n  the 
rapiilily  with  wlii<:h  magnetic  linn  of  force  were  withdrawn 
from  or  threaded  into  the  circuit.    Tlic  currents  arc  due  i« 
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l.M,|-*,'s  set  up  in  llic  conddcior  liy  llic  .-xMilHin  nr  siih- 
(don  K>{  the lirH'S,  xw\  now  tlml  wc  Ivtt-c ,il(nrti«il  .1  ]>iccise 
aDcl  di-finite  ftKniiiitg  10  ih«  rather  vngiie  phnisc  "number 
(rf  lines  of  fo(M,"  lite  iiWKnitvMe  of  Ihcse  E.M.K's  can  Iw 
calnilalird  by  lh€  followint;  vcfy  simple  rule  •■—Thf  indmfd 
Eifitniiwfht  /vrre  in  >>  iirnit  al  am  intlant  ii  fnt/Krrtwmif 
to  l/u  raU  at  wMifh  tAt  magoflu-  lintt  nf  fimt  art  Ni»f; 
wUfi^rati'H  from  iht  tirtmt.  To  give  llic  B.W,K.  in  volls 
itic  alwve  1.1IC  lias  lo  be  divided  by  100.000,000  or  10*,  and 
lhii«  vc  b^vc  the  cqualioi)  :— 


Induced  Ii.M.F.  in  vo1t^=  —  ,■ 


dt' 


where  d'H  represents  tbe  chnngi;  in  the  number  of  lines 
whirii  lakex  plaee  in  the  time  if,  iind,  therefore,  ibe  fraelion 

-5-1  gives  the  njft  of  change.    Thus,  if  vrc  arc  withdrawing 

lines  from  the  circuit  at  the  rate  of  100  million  |>ct  second, 
the  induced  liUcIro motive  I'orcc  will  be  cxacily  »xik  volt. 
I'hts  is  the  rate  at  whitrti  the  conductors  on  tlie  armalnre  of 
a  dynamo  macliinc  trnm  cut  the  lines  o(  force  of  the  field 
magnet  in  order  to  produce  even  such  a  low  electric  pressure 
as  one  voll  ;  hence  arises  the  nece*-iily  for  u^inji  powerful 
field  magnel*,  will)  milliuns  of  lines  (io>AiiiLi  from  one  pole 
to  the  other. 

To  apply  the  rule  to  (uilciilatc  ihe  K.M.I-',  of  a  dynamo 
machine  we  would  remind  our  icaden  that  ne  have  .^ho»n 
on  l>age  1  j8  thai  the  above  law  for  the  E-M.F-  in  a  closed 
circuit  under  magnclo-ckctric  induction  leads  lo  the  following 
law  for  (he  IvM.F.  in  aay  eonductor  nilling  lines  of 
force  ;  -  Whtnaer  a  amdueUr  (uts  linti  0/ /free,  an  E.M.I-'. 
is  $*t  Hf>  it  Iht  MnduHor  lU  the  pUue  wkere  Iht  lints  <•/  Jortt 
cut  atrffs  it.  I'o  ihiti  we  may  now  a<ld  the  ipianiitative  rule, 
that  tht  E.if.P.stI  »/•  is  equal,  in  ivlls,  lo  the  T&te  <'/ ttitHiix 
^  tkt  litut  0/  /arte  dii'ided  by  10". 

A»  an  example  of  the  application  of  the  rule  wc  shnll 
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take  tlic  case  of  a  iwu jiule  coniinuuukcurrciit  dynanui,  aiid 
we  nhall  su(>|K)sc  llut 

Cwlltc  miinlwr  of  condiKtotH  counted  all  round  ihc 

tnilside  )ierii>ticiy  of  the  armature. 
N=thc  lol.ll  miiiilKT  of  liiH'i  [ximiDg  ikran^^h  Ihc 

;iriiiat(irv  from  unc  |K>te  i»  the  oihtr 
ff=ih(r  nuiiiliei  of  revolutions  of  (He  amioiuTc  fxr 

Now,  in  each  min)>lete  revoUiliun  cadi  coodtKlor  cuts, 
every  one  of  the  N  linci  twice  over,  and,  therefore — 

aN=numl)er  of  lines  r.ui  by  eadi  conductor  in  tath 

resolution. 
Hcnnc  iCN=thc  niiinbcr  of  lines  ctit  hy  all  the 

c;on<lu(1or«  in  «wh  rc^-ololion. 
And   >jvCN=tlic  rait  at  which  aU  the  comluctorc 
taken  together  arc  ctitling  lines  of  force. 

This  expression  (anCN)  divided  by  lo'  would,  (bcTefore,  be 
the  P^M.F.  of  tlK  dynamo,  if  the  electrical  connectiODS 
were  such  thnt  ihc  E.M.r.'s  in  all  the  conductors  were  added 
together.  VVc  hnve,  however,  shown  (page  300)  that  il  it 
wrA  Mu,  hut  thai  the  conductors  in  one  half  ofihc  annaiureare 
in  "  lurallcl "  instead  of  being  in  *'  scries  "  with  ihoic  of  the 
oiltcr  half.  The  cITceiive  E.M.K,  is,  therefore,  only  thai  of 
oiie-half  of  the  anualure,  and  thus  we  finally  obtain  the 
e<iuaiioi) :—  _(>« 

E.M.F.  (involts)=-j3P- 

This  simple  method  of  calcuUiinj;  the  E.M.F.  of  a 
dynamo  machine  is  due  to  Dr.  Silvitniis  V.  Thompson. 

\Vc  nuy  remark  that  the  romiiiLi  '\i  3|)p)icnblc  to  both 
"ring"  and  "drum"  armatures  for  the  quantity  C  only 
takes  account  of  the  conductors  on  the  outsiJt  of  tlie 
periphery.  Tlie  general  rules  ran  Ix:  applied  lo  catculaic 
the  F-M.F.  of  miilti[>olar  and  al I crnaie  current  iruidiiiics 
but  the  above  example  b  suRicknt  for  our  purpose. 
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CIIAITKR    IX, 
ELECTRICAL    MEASUREMENTS. 

Is*  ihis  cUaplci  it  is  iiroiiowd  lo  consider  in  detail  the  various 
methods  by  which  thi:  diflcrcnt  cju.iniiiict  eiicotintcTcd  in 
clcvuical  iihertomrnit  are  acciitatcljr  or  pnclicall)'  meaxurvd. 
We  deliberately  )>ru|)o«c  lo  <^-oie  a  moderate  amount  of 
space  to  this  part  of  the  subject,  because,  not  only  is  it  a 
fa»:inaling  one  in  itself,  Iwi  alw»  l>cc.-iii<e  ihe  sttjdy  of  the 
prin<'i[>ti:H  iitv-olvcd,  aitd  Ihe  modi  li  rat  ions  ncceK!iit;iied  by 
practice  in  the  design  of  the  different  beautiful  iDstnimenla 
employed,  will  amply  reiay  our  rtatleis.  by  cndovring  them 
with  a  jusiei  appreetatibn  of  the  wonders,  an  well  an  tlie 
liniilaiioRS,  of  ibc  various  (Jicnoiiiena  dealt  witli.  At  tlie 
same  time,  whilst  avoiding  purely  technical  details,  we  hope 
to  enable  tlve  reader  to  understand  cicaily  the  method  of 
working,  and  the  princi|>In  underlying  the  design  of  many 
of  ihouc  instrument*  wliiih  .ire  day  liy  day  liccoming  more 
and  more  ttcccs!«uy  in  modern  life.  Of  <»unie,  what  we 
shall  give  will  be,  aftct  all,  a  mere  outline,  but  wc  trust 
an  interesting  outliiK*,  of  a  subject  which,  in  its  full  de- 
vet<>l>mcni,  re<iuiret>  all  the  tesogrces  of  roathematit-al 
and  ex)>erimcntal  sctcnce. 

In  the  chapter  on  "conduction"  me  hare  partly 
anlki[>ate<I  the  prcwrnt  chapter,  by  describing  with  sufficient 
detail  the  methods  employed  in  nieasuring  that  progterty  of 
mailer  known  as  electrical  rttiifanct.  The  odier  electrical 
qoanlities  that  it  is  most  important  to  be  able  lo  measure 
acctiraiely  may  be  arranged  under  the  following 
headu  : — 
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copiwf  spniincf,  B,  is  pbcni  iti  the  inciciiry  luiw,  H  H- 
Thc  anwlc  runsists  of  a  ihitk  jibtL-  of  silver,  1*.  which  is 
siispi.-i)<l«(]  iit  itie  solution  hy  mMitt  (>r  lUc  strip,  S,  oil  out 
of  a  sliecl  in  one  pic-cc  ivitli  P,  ari<I  Item  up  at  ri|!ht  angles. 
The  plate.  P.  is  wragiiieil  in  filter  jiapcr,  to  prevent  any  of 
the  silver  oxide  which  may  be  formed  al  the  anode  Juring 
electrolysb  dropiung   ittto    the    plitiinum    dish    an<l    thus 


FiK-  lAf.'-Ttic  Silva  VeluiKKr. 


increaung  its  weight.  U'hen  the  currcnl  [>ass««  from  P  to 
D  through  the  silvtr  nitrate,  silver  is  diviotved  "ff  the  an(»le, 
P,  ami  enten  iliu  liquid  as  silver  iiilratc,  whilst  stUer  is 
deposited  on  the  platinum  kathode,  P.  The  total  quantity 
of  dectririty  llint  passes  from  P  to  \)  can,  therefore,  l>c 
found  by  aM'crtaining  the  increttit  of  wtighl  of  the  platinum 
dish  due  to  the  siU'cr  dvposiied  on  it.  It  is  found  by  ex- 
periment that  the  increase  of  weight  of  the  kathode  is  more 
reliable  itian  the  loss  of  weight  of  the  anode.  Sinec  wc 
know  that  one  coulomb  deposits  0*001118  of  a  gramme 
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ot  ulver'   wc  can   fiiid   ihc   toul   ouRibcr 


Ity  dividing  llie  increaae  of  weight   in 
niiml><:r,  »r 


cuulon 
gramma 


ihis 


wcigbi  of  Silvet  tl«)>oaiied  (grMamM). 
cooiiiS 


Qiunlity  in  1 

Coulombs  < 


To  obtain  accurate  tcauIis  tievetal  simile  prccaatu 
^fi-JUCesSiuy.  Ilotli  bcfoixr  and  afltrr  the  currvnt  hu  |it 
tlM  idaiinuin  dUh,  I  >,  has  to  lie  cleaned,  diicd,  aixl  wci| 
To  get  it  (|uite  clean  it  luuu  be  wnalied  with  distilled  water, 
alcohol,  and  ether,  then  dried  ov«r  a  spirit  lamp  and  left  to 
cool  in  the  sutphiirie  acid  de«i<:c3itor,  G.  In  wdcr  that  tlu: 
<ki>Qul  of  silver  may  adhere  so  well  to  the  platinum  a*  not 
to  be  diolurlicd  hy  the  washing  operations,  the  current  inU'U 
not  cKcced  one  ampiirc  fot  every  iix  si)uare  inches  of 
kathode  surface.  If  the  current  very  much  exceeds  thi*, 
although  the  projKT  :imounl  of  silver  will  be  scjnraied  at 
Ihc  kathode,  it  will  not  adhere  well  to  tt,  atu)  Konie  nay  be  lost 
whilst  washint;,  thus  leading  In  an  inncciiiale  result. 

'I'hc  wires  ^^'■.  ^V,  (Fig.  169),  arc  connected  to  a 
generator,  and  ihe  rest  ol  iIk  apparatus  is  inwrtetl  lor  the 
purpose  of  laliti rating  the  amii^reineier  {oc  ainroeter),  iV 
'I'he  current  which  passes  through  the  voltameter  also  passes 
through  A,  .ind  the  adjustable  icsi'rtancc,  R.  If  this  curient 
be  kept  fui'/f  iltady  we  can  detlui^e  its  v:i)ue  by  a  nKlliod 
to  Ite  described  iwcseotly  (page  3i4). 

But  it  must  not  be  forgotten,  that  whether  the  cnrmt 
be  steady  or  not,  providing  it  is  never  reversed,  ilie  volu- 
meter will  correctly  meaMire  itit;  total  quantity  of  electricity 
thai  iNUies  through.  It  is,  iherefore,  directly  a  measurer  of 
quantity  of  electricity,  and  only  indirectly  a  measurer  of 
current. 

(Quantity    of    dectricity    may    also    be    convenieoii 
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measured  by  means  of  a  <:opi)er  vollAmeter.  This  is  easily 
orraRgcd  hy  placin^t  t»i)  si|ti.-i(i;  cu|)[>cr  jibtcs  vt-'rlJcatty, 
alxjui  linir;ininch  apart,  in  a  solution  of  copirer  sulphate. 
1q  this  test  aUo  the  increase  of  weight  of  the  kathode  plate 
tt  used  to  estimate  the  ^unniiljr  of  electricity,  am!  the  pre- 
<:autions  already  described  about  cleansing  ard  dtying  have 
to  he  obvcrvcd  II  Mill,  thetcforc,  be  well  to  use  l/iin,  fiaril 
copper  for  the  kathode,  so  that  it  may  be  n»  light  ns  poMilile. 
With  copper  tliv  i-urrt:ut  ma.y  be  lis  great  :u  one  ampere  10 
every  two  square  inchi^ii  of  surfact.*  without  geltii^ij  a  bad 
(icpiwit.  Of  coutiic  in  the  final  cakulalion  the  ckrtio- 
chcniical  ei}uivaient  of  copiurr  (  000^16)  mvi*t  be  iisetl  in.slcad 
of  that  oF  silver. 

An  Electric  Meter,  based  on  the  voltameter  principld 
was  invented  by  Edison  for  the  puqjosc  of  mwisuriiig  the 
supply  of  dccuiciiy  to  private  consumcre;  this  will  be 
described  later  in  the  chapter. 


(<i). —Measurement  of  Electric  Current. 

The  problem  of  mtaauriiig  the  Electric  CiirrLiii  with 
instnimcniB  adapted  to  (he  enormous  range  of  magnitudes 
liiat  are  in  common  use  has  always  been  a  fascinating  one 
for  scientisLs,  and  its  solution  has  resulted  in  the  production 
of  some  of  the  most  l>cautifiil  in&irumcnts  to  be  found  in 
the  whole  realm  of  science-  In  their  construction  the 
recourcM,  not  only  of  elcctricid,  but  also  of  dynoniical  and 
optical,  science  have  been  laid  under  eontribiition.  and  nc 
ate  now  able  to  measure  currents  with  a  raoge  of  magniliidc 
of  more  than  one  billion. 

For  the  purpose  of  measuring  a  current,  any  one  of 
tti  three  effects  may  be  employed,  and  it  will  be,  therefore, 
best  to  treat  separately  the  chemical,  magni-tic,  aitd  thential 
methods  of  measurement;  but  of  the«;  by  far  the  nwwt 
im)K>rtant  iii  iiracttce  is  the  ma^tnetic  oKthod. 
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'ITw  mcxNurcmeni  of  ijoantiiy  or  electricity  by  means 
of  voUtiiii4:tcrs,  which  wc  have  jiiit  <!cscMl)c<i.  can  also  Iw 
mcd  fur  the  mcJistitcRicnt  uf  electric  i:urn:nii>,  (»nridc(l 
t)ut  iho  currents  are  s/eaJ};  clurint;  lh«  wliole  limr  UiAl 
electiolysiit  k  Inking;  |iT.vc.  Fur  the  niinicric.il  vnlue  of 
llic  lurrcnl  is  ihc  ^iiufi/i/y  ef  ite^truity  tl«l  lloi«s  /vr 
iteemi ;  if,  therefore,  wc  know  the  Mai  ^uanlily  that  Ims 
liotscd  through  lfi«  voliariK-ler,  and  tin'  littt  diirinf;  which 
ihc  etitreni  continued,  the  ijuolicnl  of  the  iiiuniiiy  dividcil 
by  the  lime  will  he  Ihc  av*ittgf  Ta/mr  of  the  riirri-nl,  ;ind  this 
will  lie  llie  adual  tii/iM  if  the  ciirrcDl  h^s  lieeii  ijuite  steady. 
To  ohtain  tliis  valac  in  amfhvs  ilie  ijuiioiity  moM  bs 
measured  in  Koutomh  aitd  the  linic  in  wvitJi,  for 
One  AmiJetc=Onc  Coulomb  per  second. 

Thus,  if  the  quantity  of  silver  de|K»itcd  in  the  vulta- 
incicr  in  rirtecii  uiinuics  show  that  3,600  coulomlMi  of 
electlicit)'  have  passed,  wc  find  tlul  the  average  cunciil  lias 
been 

3,600  mu/amh 

^Vc  Junve  already  rcfcncd  in  sulticicnt  detail  to  ih* 
inelhtxtofiimsuriiig  the  coulombs.  To  measure  the  time  it 
is  only  ncccHsary  lu  Itave  a  good  wat<:h  or  chronunictcr,  and 
to  note  tile  exact  instant  when  the  cuircnt  ix  ^t-uted  in  tlie 
volianK'tcr.  and  again  the  exact  instant  when  it  is  stopped. 
The  intcnal  between  ihcsc  two  in.Manit,  ixptessod  in 
seconds,  is  titc  time  to  l)c  utcd  in  ihc  cjikukition.  As 
iq;ardii  sUaJm/ts,  the  votuincler  j^ives  no  visible  iiubcation 
.11  the  linit  o(  any  fluciuaiioiti  in  the  turrcitt,  nnd  it  i% 
thercCoic,  necessary  lu  place  in  the  arcuit  an  inimuneivt 
such  as  a  pilvanoineier,  whkh  will  at  once  give  notice  of 
any  change  that  the  current  may  undergo.  VoltamcicTS  u 
current  menkuretk  have,  iheJcfoie,  two  seriiiiUi  dm«back»: 
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.iiMly,  lli«  iimlhoi!  is  IcOtous  nnd  twiuires  a  CL-itain  aniuiinl 
uf  ex]>t:ni'iii:t;  and  inanij^ubttvc  Nkill ;  and,  »<coTi<lly,  they 
give  no  vUiblc  indicalioii  at  Iht  lime  of  any  clun);«  ilutl 
may  occur  in  the  magnitude  of  ihc  current — there  is  no 
iiiilkaiion  wf  wlial  ilic  v.duc  of  llic  tiirrcnt  was  at  any  given 
in&Unt.  Their  advAntaijcs  arc  that  wiiliin  certain  limits  th« 
fine  and  shape  of  ihc  vessel,  ihc  sat  of  the  electrodes,  tlie 
4|uantity  and,  to  somv  vxUnI,  the  conslilittion  of  Ihc  electro- 
lyte ate  iiiaitcTs  of  iTi<!tlTi-Ti-ni-«,  aiid  that  no  complicAted 
inatlicmatidl  cakuUtiLtn,  Involving  delicate  meosurenicnis 
of  disUnccs  and  <liint'nsioi]s,  is  required  to  interpret  llic 
rcMill.i.  Tbiii  tor  au crtainin^  the  laliie of,  and  for  stanOstd- 
i&iiig  the  indM^ation^  of,  oi))cr  insuumeiits,  Md>je(:t  to  more 
complicated  lnw§,  they  arc  invaluable. 

Macnkiic  Mktiiods. 
As  a  means  of  detecting  the  existence  of  a  current,  of 
showiii);  its  lluctuations  from  moment  to  monteni,  and, 
finally,  of  measuring  ils  absolute  value  hIiuh  recpiircd, 
instruments  whose  indications  depend  upon  the  luagndic 
effect  of  the  LTitrent,  are  much  more  convenient  than  those 
which  depend  u|iun  eillicr  tlie  dieiniral  or  iheniuil  effects, 
'ihc  latter,  with  small  cuncnls  at  leaM,  tcipiire  time  lo 
develop  heat  to  any  icnsihlc  amount,  whereas  tlie  cban^ 
in  the  magnetic  efl'tci,  consequent  U|Kin  any  cliange  in  the 
current,  at  once  makes  itself  evi<lcnt  on  the  appliances  used 
lo  dclerl  it.  The  amount  of  chcmic.il  dccoinjiosition,  or  of 
heal,  produced  hy  a  steady  current  is  direrlly  iiroporiional 
lo,  and  incfcascs  with,  the  linte,  uheicas  the  magnetic  field 
which  it  sets  up  is  as  gre.it  as  soon  as  the  currcTil  n  estab- 
lished at  it  i*  hours,  or  even  days,  nflcnvards,  provided  the 
euiteiit  be  kept  unchanged.  Moreover,  the  strength  of  this 
magnctk  l>e)d,  if  no  iron  be  present,  follows  fattlifulty  every 
change  in  ihe  vahie  of  the  current.  It  is,  ihcrefote,  only 
nooesNitry  lo  devise  ioine  means  of  nieasuiing  this  sUctt(^ 
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iind  nf  {iidimling  ita  fluctualions  for  ai  to  be  able  to  mcasiir 
the  siretigih  and  ihc  fliictiuitiona  of  thi-  ciirmii. 

InstrumcntK  tli.il    art;    lhii.-«   uxe«l    Tor   the    (NirpcMC 
incaMitin);  ibc  niagtiiiudt'  of  u   current   by  means  ai  it 
inAgnclic  effect  are  caikd  galvanometers.  >n  honour 
Calvani,  (o  whom  the  scitwc  oi'  turrcnl  ckiltxny  o»e> 
niticli.     EuciituUy  (Wf  own  cotisisl  oi  iwii  [lans,  (i.) 
condtit'tui  to  carry  the  current  to  be  mt-aMiictt,  and  (iiJ 
■oiiH'  inclhotl  of  ineasurini;  t)ie  tircngth  <>f  the  mngitetf 
<icl<l  which  iht*  current  sets  U|>  at  •omc  previoiulf-selccic 
place  in  lis  nctglibuiirhMMl 

The  aii|Kmtus  u>cd  by  OenUcd  in  the  original  cx|>i 
intnt,  by  which  he  discovered  the  magnetic  dBjct  oX 


n*.  rft~  -Ou  il  L  fi  lUl'jwmn. 

cunvni.  cnnslituiM  a  npti^h  and  elemenury  torm  of  galniw- 
iiicleT.  A  angle  stta^ht  cnodactof  (Fig.  170),  a  A,  is 
MnMehcd  oi-ef  a  [MTotcd  magnetic  needle,  N  S,  and  the 
Mi)tpDt1s  turned  rwmd  until  the  wirv  lies  in  ihe  nis^nc 
Itivridtan.  And,  therHore,  dirvcily  ovier  (be  needle  tn  iG 
|ktuiik>n  of  rc^.  If  now  an  ckctnc  cwrcnt  be  pass 
ihiuitfih  the  mre  froiu  «  to  A  the  needle  will  be  dct)«:ic 
tintl,  jtrtimlinjf  lo  the  mir*  already  ^nxn,  will  nun  on 
(tlVtrt  ttl  A  i-lw-k  wur  itirveiiuu.  But  a!>  mxm  as  the  nee 
m<i\f4  >nii  »l  III  '  i.ridian,  r 

liM»v  liii'V    ('■   '■  -T.nn  to  1:  ■ 

\V»»  ll»i  ■»«  !■»>  <  macnetic  ionx*  actin 

wv.  ■'■  ■  •'"^  ■  !•  i   '■*  liii-  magnetic  field  of  th 

mi  '■.«  the  nrcillf  «««  en*t  atwl  "c 
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tnkcs  up  some  in(crmccli.tlc  |)osiiion,  ai  indicated  l>y  the 
dtxied  lines ;  and  since  itn-  rlcileciinji;  force  of  ih«  currcnl 
depe»di  upon  its  ina^niiudi.',  it  fDlluirs  thai  tlii;  brxer  the 
currcnl  the  further  will  ihc  needle  be  dctlccied  from  tls 
notth-south  position.  By  (ibcing  a  graduated  nc^Ic  under- 
iK-alh  ihc  needle  we  would  Ite  able  to  read  off  its  an)i;ular 
dcflcciion.  But  the  connection  between  this  deflection  and 
the  magnitude  of  ihe  ciiircnt  U  by  no  means  easy  loileducc, 
alllioiigli  lUe  amnj{ement  is  niiiiiircnily  a,  very  simple  one ; 
and,  ihercfore,  itie  apparatus  is  a  jiyi/fawuiifif,  kt  current 
indUator,  rather  than  a  gafvam&tufter,  or  current  mtaturtr. 
Alt  that  it  could  do  for  ns  if  wv  wished  to  compare  two 
currents  by  it«  aid,  would  be  to  mdirate  which  was  the 
Inyer  current,  for  the  1ar>^T  current  would  (jive  the  greater 
deflection,  provided  we  do  not  move  any  magnets  in  the 
neighbourhood  during  the  two  cx|>eTiments. 

Another  defect  of  Oersted's  g«tvanoscopc  is,  that  it  will 
only  give  indications  with  fairly  large  currents;  the  field 
thai  would  be  set  np  l>y  xuch  currenlK  as  are  ordinarily  used 
in  telegraphy  would  lUH  move  the  needle  (icroeptibly  out  of 
the  meridian.  On  the  otlicr  hand,  the  currents  used  in 
electrie  t%hling  would  give  large  deflections ;  and  this  simple 
arrangement,  made  somewlut  more  comjurt,  and  with  the 
Ik:1<I  of  a  itroi^  peimancnt  magnet  replacing;  ilie  weak 
field  of  tltc  earth,  has  been  used  for  measuring  currents  of 
i,ooo  amptrcs  and  u|>wards 

Git/vanonutfrt  for  Me^sHriiig  Smaii  CurrtnU- 

Notwithstanding  this  nppliaition.  Oersted's  apparatus 
remains  far  too  uHsrasitftff,  as  it  is  called,  for  indiealing  the 
existence  of  many  of  the  currents  used  in  ordinary-  electrical 
work.  It  U,  ihcrefotc,  imporinni  lo  examine  in  what  ways  its 
Mn.silivencss  can  he  increased  so  thai  visible  movements  of 
the  needle  may  be  i>ro"iuced  by  very  snul!  currents.  Now, 
we  find,  OS  we  sliould  expect,  that  llie  magnetic  field  of  a 
w 
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cuncnt  is  Hln>n|;eT  close  to  the  coiMliictor  ilian  ai  a  diitsnoe 
nnd,  lltcivfurr,  out  first  Htq>  n'ouM  tie  to  hrinft  ihi:  wire  ai 
n<At  x\  |Kiv«i|)lc  i<>  (he  needle-,  liul  this  is  not  all :  «<:  \\a\e 
seen  that  wlien  a  wire  ia  roik-d  (i|>  into  a  u>li:noMl  ihc 
mopii'tir  field  in&ido  ihc  solenoid  Ikeconveii  mucU  ttroiiKR 
ttun  iluil  due  to  the  §trajghi  nirrcnl,  cwii  nhcn  iheiv  U 
only  a  single  Iiitn  in  the  solenoid,  and  that  the  BIrenglli  of 
the  field  imrrcisw  wilh  the  numl>or  of  liims.  \Vc  are. 
tlierci'orc,  not  Hur|>rised  to  Tinil  thai  in  one  o^  the  citrlum 
ntlcn>i<is  to  tntrcasc  the  scn&iliveite^  oj  the  8)i|iatatii^,  the 
w'iie  wat  inatk  to  poH  many  limes  round  the  nce<lle,  in  the 
form  of  n  kin<l  of  roiUngiilir  vil'tmii!.  ns  ?!i-t-n  in  I'i^    i  ;  i , 


^ 
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This  improvement  is  due  to  Schwcifsgcr.  and  is  known  as 
Schwciggei's  Multiplier,  from  the  lat~t  that  cath  additional 
lum  of  vrire  approxinutety  increases  proportioiuitelf,  or 
"multiplies,"  the  senMtiven«s  of  the  insininHtit  For 
instance,  with  loo  turmt  tlie  inxtninicni  will  give  apjiroxi' 
maletyllie  same  dellection  with  a  small eiirreni  as  it  ntll  i^ite 
with  a  current  io»  times  as  great  if  it  passes  round  only 
oiKe.  In  Fig.  171  the  pivol^  cm  irhieh  the  neodic  lunu 
arc  shown  as  working;  in  the  frame  on  whidi  the  roils  an- 
wound,  and  there  is  a  circnlnr  sc.ile  undcinealh  on  whicb 
the  poHlion  of  tlw  needle  can  lie  roughly  obscT\x'd. 

Bui  besides  incratiinx  tkt  slren^lh  0/  tlu  fifld,  which 
tends  to  dtfiul  the  needle,  wc  may  also  increase  the  «en*i- 
tivcTiess  of  the   instrument  by  dimiihAiHg  Ike  /. 

Jsnt,  which  lendt  in  lirin^  ihr  ii.-cillr  Kirk  to  JU  |>u^..^t.  ^ 
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teal,  nic  most  succtfssrul  of  ihc  cariy  .illcmikis  lu  increase 
lite  scnsitivcncM  in  this  way  wiis  llic  ilvvitx*  t:n){>1u)'c(l  in  lUc 
"  AMaiic  (Jal^anoincter."  Inatviul  oC  ihc  one  nc«)!e  iiwd 
in  the  earlier  imtrumenU,  two,  m  »  and  i  n  iy\^.  ■7>),afc 
em)>lo]t'd.  'I  hcsesrc  rigidly  vonni-cled  l>y  tlieltglu  r»<),  a, 
!to  (u  to  l>e  in  (lie  Name  plane,  and  one  of  ihetn  h.iH  its  i>oles 
re%'crsed  with  m|iect  to  die  other ;  thus  the  north  pole,  n,  of 
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one  i»  placed  directly  over  the  ioulh  pole,  s',  of  die  odier. 
If  »u«h  a  magnelic  system  be  hung  up  by  a  light  fibre  of 
untiristctl  silk,  one  nred'c  ran  only  set  north  ami  snuih 
by  compelling  the  other  needle  to  set  in  a  diametrical))' 
0]>]M»ite  ixwilion,  i.t.,  south  and  nonh.  The  two  needles, 
llu-'Tcfore,  tend  to  sei  in  opposite  directions,  with  the  result 
ihai  the  stronger  one  ovctpowiTs  the  weaker,  and  points 
with  its  north  pgle  towards  the  noilh,  but  the  whole  system 
w   J 
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is  held  in  ihe  nuiKnvtH'  meridian  much  lest  strongly  ihan  if 
the  strun);i-r  nccdW  viae  nispended  alone.  If  (he  itui|;n«iic 
momcnls  of  tlie  two  inai;ncls  are  enctly  ir(|ita),  Ihcy  will 
exactly  ncuinilisc  one  anotht-r,  ami  nciiltcr  will  lie  able  to 
set  iixelf  in  the  iii.-ign«ti<:  mrridun.  Id  ilii»  Ktitu-  llicy  arc 
nxiA  to  be  "  Asiatic,"  and  should  [loint  indifferently  in  any 
direction,  but  usually  tlicy  will  then  set  cASl  and  west,  u  it 
is  well-nigh  im|)o»sihlc  to  mount  them  so  that  their  magnetic 
axes  Axr  in  the  same  v*etti<\il  |'I»ne.  Il  is  oxn  M'lilom  that 
n  pair  of  ntagnvts  e.in  he  ublaiitcd  of  uxucily  etjual  moment, 
and,  therefore,  U)C  needles  of  a  Ko-called  "  Astatic  Galvano- 
meter "  neJLtly  nlnays  set  north  and  soiilh,  tliough  the  di/Tcr- 
enee  hciwcen  the  momciitii  of  the  two  should  be  very  KJicbt. 

The  condtK-toT  ttui  is  tocairy  thccurrcnl  uuially  tonsisfa 
of  silk-i;ovcnd  eO|>i>er  wir^  and  !.t  wound  uiton  the  spciial 
fmine  shown  Mparatcly  .it  the  left-hand  top  comer  of  the 
figure.  The  two  central  crass-pieces, /and  »,  of  the  frame- 
work -ire  hollow,  as  can  Ik  seen  at  /  and  s,  and  after  the 
coils  are  wound  on  in  the  manner  sitowii  in  the  complete 
instnimcnt,  the  n)afi'>'^i<^  iteedtcs  arc  lowered  into  the 
vertical  slot  until  the  lower  one  is  free  to  move  in  the  central 
hottrontal  slot.  Uhen  in  this  i)osi[ion  the  upjKi  needle  is 
sufBcieiitly  high  above  the  coils  to  allow  the  <:irrular  scale 
card  to  be  placed  below  it  'I'hus  the  upper  needle  acta  as 
an  indicator  to  shoiv  how  far  Ihe  needles  aa-  deflected  by  the 
current.  The  zero  of  the  stale  ii  so  [ilated  thai  wl»en 
jminling  to  it  the  nccdlei  tie  lurallel  (o  the  coils,  and  in 
uxing  the  instrument  it  slwuld  always  be  adjusted  to  thif 
portion  iMjfore  ihe  current  is  passed  through  it. 

In  the  insiiunient  fignn-d  [he  rondiutor  is  wflund  on  in 
two  se|iaiate  .ind  similar  coils,  whose  four  ends  are  s'>ldcfcd 
to  the  four  bindiitg  screws  seen  in  front-  This  is  so  tlut 
the  tcnsiiivcncsi  of  ilw;  inMiument  may  l»e  altered  ity  usinn 
eiOier  one  coll  or  both  coils  coiinecteti 
also  be  used  differemia/iy  to  mearuie  the 
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two  cuirentx.  To  i!o  ihi»  one  current  is  scnl  through  one 
coil  and  tbi;  oilier  t!iiuii)th  ilie  other,  ho  as  to  tend  to  dcDect 
Ilio  ncidlc  in  ihc  o[>[joiiuc  dirL-clion ;  ihe  rciiuluint  rleflccdon 
will  ilicn  4!ir|>(:nd  flpproximaicly  on^hc  difftrenif  of  the  two 
currciitK. 

It  should  be  noticed  ihxt  tlic  ndv.inlagc  o(  mxn^  ihc 
ntMrly  nMaiic  ntedli-s  is  wj\  confined  to  iht  fact  that  the 
wirih*  conirothng  cfTixl  is  dimiiiitlicd,  ami,  ihctcforc,  the 
dcflcciiod  due-  to  a  |iailtcular  current  iiifrenud.  I»  addition 
lo  this  «c  find  that  A'M  needles  arc  deflected  liy  the  currcnl 
in  the  Nmf  Jirtftii/n.  I-'ur.  siii>|>o»:  the  current  tu  be  so 
pas&iii(-  round  the  t'oils  ihal  (lie  lines  of  fom-  iniiJe  luii 
from  east  to  west,  llicii  the  lines  ouliiJt  niuM  run  from  west 
10  east.  Uul  the  needle  oulnide  has  its  poles  in  the  oi>|iosi[c 
diicciion  (0  lliu»e  of  the  nc«dk  inside,  tind,  thcivfoiv.  a 
Her>i-io-i;a»t  field  vrill  turn  it  in  the  same  direction  .is  .tii 
eaat-to-weKt  field  ttirnK  the  iniide  needle.  Thitt^  holh 
nefidivs  act  in  the  same  way  with  regard  to  the  dcHeciing 
correnl,  but  in  oppoute  ways  as  regards  the  controlling  lidd. 
On  both  ac<:ount^  theiefore,  tfie  sen.sitivciiesH  i*  inirreaicd. 

As  a  minor,  but  not  uniin|>oftant,  improvenitni,  it  should 
be  notkcd  that  the  needles,  instead  of  working  in  piivots, 
arc  sus[)citded  !>)'  a  lon^  lilire  of  untwisted  nllc.  'I'hts  does 
not  increase  the  sensitiveness  of  the  insiruiiicni,  but  very 
materially  reduces  the  mechanical  friction,  and  thus  enables 
the  moving  ]>arl>  tu  set  wlUi  greater  certainly  in  the  (Hisiliun 
of  e(|uilibriuni  due  to  the  magnetic  forces  olonc.  The 
improvement  is  nccompanici  by  the  drawtuck  that  Ihe 
instrument  must  Ik'  carefully  ta^lkd  when  used,  and  fur  this 
puqxtte  it  reMs  on  three  levelling  screws,  by  which  it  can 
be  adjusted. 

It  is  inleresiing  to  notice  in  pissing  tlvat  the  iinprcn-e- 
Rienis  in  the  jjalvanomiier  which  we  have  been  de%ctibing 
eonlributed  very  mali'iially  to  lite  sikccss  of  Mclloni*s 
brilliant  experiments  in  radiant  heat.     Without  an  instrument 
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ctpal)lc  of  detecting  much  smaller  currents  than  Ivu) 
prevtoutly  l>ecn  meniunrd.  those  reuATdte*  could  not  li&w 
been  made.  'J1iia  is  only  one  insiancc  nui  of  nuny  ihii 
<'{ji]]<l  li<:  cited,  Khcrc  i1)c  inijiiovcincnE  of  instrurui-nin  li<vs 
led  III  ini[>(>rt:inl  discoveries  in  unforcMen  nnd,  at  linu  sight, 
a|>|iaTc»[ly  uncuiineeted  dircciioni. 

So  far  Tc  have  only  considered  electric  and  nutgnctic 
iiielliods  of  inca-;ising  the  wnsitivencv*  of  (t»lv,nrnniietci»  | 
liy  ini^reaunjc  the  <ltflIcciton.<  pnxlitied  l>>'  unutl  eiiin-nis. 
Ilui  it  t&  obviouN  that  UavinK  produecd  the  (;rcalctt  dvfle<:tiun 
which  Kuch  methods  {icfmii,  if  we  can  then  nugnifjr  the 
deflection  liy  oihci  mcan«,  wc  shall  iii.irlirtllj*  1«  aSAc  to 
detect  still  snuiller  <'ur(eiiiK,  for  ddlcctioni  which  troutd 
othcmisc  cicnpc  our  notice  will  then  liecofne  Hensihlc.  In 
the  iiulruniriit  just  descrihcd,  the  deflection  itt  read  off  by 
obsen  inp;  the  nioveniem  of  a  i>ointer  over  the  circumference 
of  a  circle  a  fon'  inches  in  diameter.  For  very  small 
deflections  a  lnw.])nmer  microcopc  might  be  0»e<l  to  delcrt 
any  inovenicnt  of  the  |>ointer,  or  the  (KHiiter  itself  miglil  Iw 
lengthened  so  that  its  end  should  nio\'c  over  the  ciraiin- 
fiTcnec  of  a  larger  circle  Neillicr  of  these  methods  is 
v'ery  advaniageoos,  tliough  the  first  it  the  lictter.  The 
second  is  o^ien  lo  the  objection  that  the  Incrcate  of  lenglli  of 
the  pointer  nce^sarily  adds  to  the  mass  and.  therefore,  to 
the  xttiggi.ihnvtix  of  the  movable  jiaris,  and  il,  moreover, 
inrrea^s  the  bulk  of  the  instrument  Xvf  im-ies.siog  the  tite 
of  the  fixed  scale  over  which  it  nioves^  Wotwr  pointed  out 
the  simplest  solution  of  the  difficulty  by  attaching  a  mirror 
to  the  movable  magneto;  lite  mo%'cnient!t  of  thU  mirror 
coiilil  lieobscivc<l  by  well-known  omical  meiliod*.  Tbedevicc 
is,  in  reality,  ctiuivalcnt  to  employing  a  weightless  beam  of 
lifiht  as  a  pointer,  inite^d  of  a  more  or  less  heavy  wire,  with 
the  advantage  tliat  the  beam  may  be  many  feet  in  len);ih 
without  affecting  ihc  movcfnenls  of  the  nwdics  at  all. 
Wiedemann  improved  the  apparatus  by  nMnf  .1  m.ij^nelisid 


M?el  ininur  as  tin-  Hitpcmtcil  magncl.  lltil  (he  mcllicKl  was 
brtHight  lu  vis  htgh»t  pcrrt-ntun  l>y  l.uTiI  Kflvin  (ihen  Sir 
WiUbin  ThoiDson),  who  reduced  ihe  nuHs  of  th«  suspended 
sysltn)  to  a  few  ^un^  by  using  a  vcijr  light  mirror  and 
making  thf  mngncts  of  iratcli-s|>Ting  sU'cl.  Wc  rtwc  many 
oihcrniiiior  iiujmiviMiicntH  in  the  (kulUor  ihc  JnAiiumeni 
tj  the  same  indcCi tillable  worker. 
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It  will,  we  (liiiik.  ftiitist  the  readL-r  to  understand  the 
(ifincipic  of  this  improveinenl,  if  «c  first  dcKrilw  one  of 
the  modern  forms  of  the  Kelvin  Reflecting  Calvanotneler. 
'rite  coth,  foiir  in  number,  are  contained  in  liollow  boxes, 
U-O  of  wliicli,  B  H  (("ig-  '7Jt).  JWC  hiitjied  to  the  other  two 
so  that  ihey  can  l>e  turned  back  as  shonn  in  Ihc  figure,  in 
order  that  the  <4ispcndcd  magnetic  s}-$tent  may  be  pbced 
in  )>OMtio«  or  examined.  When  the  instrumenl  i&  in  Dse 
Ifacse  coils  arc  closed  up,  face  to  face  uriili  tbc  other  two ; 
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the  four  coiU  lh«n  ftwm  dw'lrically  twfo  coils  only,  and  al 

I  he     <enirc     of 
tjch  a  ver>'  small 
.)«:m   of   mag- 
nets,     mm,     is 
suspend vd.    The 
.ip])cnraiiL'eof  the 
1  oils  wIr-o  closed 
<xn    be  infcired 
from     Fig.     179, 
^iliich    illustTatcs 
.1    fllightly  differ- 
ent (onii    of  llic 
^(alvanomvlcr. 
rhcsc    two    S>'S- 
t>;nt3  of  magnels 
irc     mounicd 
"asuiiciUy"  (see 
rift    171)  on   a 
vxrry    light    §lrip 
of  mica,  S  S,  to 
ihc      i;<:ntre      ol 
wlii'Hi  is  fixed  a 
small    and    light 
con«vc     mirror, 
O,  and  ihe  whole 
Is  suspended  l>y 
a  fibre  uf  quartx 
iiT  uf  iinsputi  ^ilk 
10    3    hook     on 
I  he  ami  ».     The 
mass  of  the  sus- 
IR-mlcd  magneliV, 
system     is     thus 

KU.  1)4.  ouwrtiM  ot  KidAiiiu  Gaj™.«<«":"»'         reduced      to     a 
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minimum.  'Ilie  siujKivling  hook  is  attached  lo  a  screw 
which,  liy  mwiiu  of  ihc  nut  shown,  can  be  mo\'c<i  up 
or  dowit  without  twisting  the  librv.  The  fixed  coils  arc 
held  in  a  ftAmework  which  i.t  sii|>|>orte(l  t>y  the  irorni- 
gatcd  etionitv  piltari,  I'  1\  and  thus  very  hi^h  insulation 
is  obtained.  The  four  coils  arc  |ieriiianently  joined  u|i  tn 
series  \>y  the  coiU-d  win-ri  that  can  lie  seen  passing  from  one 
10  the  other,  and  the  tno 
ends  of  the  conductor  arc  \ 

brought  to  brass  ci]>S  //,  V ' 

on  the  lops  of  the  two 
oilier  coiroj^ated  ebonite 
pillars,  //,-  from  these 
caps  stilT  wires,  W,  pass 
through  Iwks  iu  the  outer 
i-asc.  Q  {Kig.  174).  lo  the 
external  lerminnk,  T  T. 
E  F,  axe  elmnite  pluK*  *  I'lch 
shde  on  the  wires,  and  arc 
)Mi»hed  into  the  holeN, 
H  H,  of  the  outer  case, 
lo  render  it  aii-  and  dust- 
tight  wircn  not  in  use-  In 
joining  up  the  i~oil*  cjire 
niuKt  be  taken  that  the 
currents  in  the  different 
coils  all  tciwl  to  turn  the 

nugnets  iu  the  same  direction.  The  principle  to  be 
followed  is  shown  dtngtammjiticall}-  in  l-'ig.  r75,  where  the 
same  letters  arc  tised  as  in  Fig.  173,  vilh  ilie  addition  of  a* 
and  I  tt'  for  tlie  t«o  sets  of  niafinets.  The  arrows  show 
the  direction  of  the  current,  whi<:h  is  opposite  in  the  upper 
and  lower  coils.  In  the  up|ier  coils  the  line*  of  force 
due  to  the  current  will  llow  from  front  10  kick,  jkisI  ihe 
nugncls,  at,  whereas  in  the  lower  coil  they  run  from  bock 
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to  front  junt  n'  i.  But  the  mni;iteU«rv  astaliciillr  rcvctKil, 
■ind.  therefore,  lli«  &iri|),  S,  to  which  \\Mcy  nre  ail^chrO,  nnil 
iritli  il  the  mirror,  <),  will  \k  rotRt«tl  in  llic  now  dtrwtloii  by 
the  uciiun  un  each  »et  uf  ningnciH. 

Tlic  cover,  Q  (Pi|;.  174),  is  oX  Imss,  but  hu  a.  circular 


nt.  tit.^Xat^  Bud  i'Mlt  b«  KtAtohc  GalvjHwHtT- 


opening,  G,  covacil  with  .1  flat  piece  of  glass  llirough  which 
a  bc.im  of  light  can  bt;  directed  on  to  ihc  minor,  O.  When 
iIk-  iniiiuiiieiit  is  in  use,  the  cover  is  fixed  on  to  the  Ikwc 
{Fij;.  173).  and  the  whole  is  levelled,  t)y  nteaos  of  thi; 
levelling  screws,  uith  the  aid  of  the  (wo  x|wri(  leveK  I'  U 
which  arc  set  at  right  an};lei  to  one  another,  and  wi  adjuucl 
tlini  wIh-ii  tlic  ImbUln  of  «it  ;irc  ti>  the  ceiiirt-s  of  llie  tiilwH 
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the  drip,  SS,  hang!  qull«  fredy  in  tlie  rntlwr  narrow  s|>iue 
provided  for  it. 

\\k  are  now  in  a  position  lo  explain  the  optical  arrange- 
ments used  [o  magnify  ilic  miniKi-  deflections  of  lite  siripi 
SS,  nnil  ihc  iiiinnr,  O.  A  ixtniHin  liimi>.  !■'  (Ki((.  176),  is 
siijijiortctl  in  lite  manner  shown  behind  a  double  cunvex 
lens,  I.,  of  .iIk><ii  four  ini:hcs  foiid  Icn^ili.  Abo^v  the  k-iis 
i^  a  £mlc,  1>  l>  (ibe  bgnt  of  which  is  ^-cn  abovi-  at  It'  )>'), 
which  it>  plac'c^l  iMirallet  tu  Ihe  o|>cnin^,  (r  (l-'i^.  174),  in  lliv 
g«lv8nora<;ier   covi-r,   and.  ihercfute,  directly    facing    the 


L 
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inirrur,  O  {V%-  i?^)-  The  Icnti,  L^  isa  little  I >elow,  and  the 
Hale,  D  1>,  just  as  much  above  the  kvd  of  llie  miiror; 
oonB«;<ioentl]r  light  proceeding  frora  the  lens,  U  '»  reflected 
on  to  the  ^cate^  I)  t). 

'11k  ('uur^of  the  lii^ht  is  shown  in  Fig,  177.  The  lens, 
Ly  is  placed  at  its  focal  distance  from  the  lamp,  and,  ihcn;- 
fore,  the  light  falling  upon  it  emergen  ax  a  be.tm  of  |Mtalk-l 
light,  1.0,  which  falU  upon  the  iniiror,  O,  and  i^t  refleirled  lo 
the  K-ale,  D.  The  scale  is  placed  at  a  distance  from  the 
mirror  equal  to  its  focal  length,  and  tlie  |i;)T.i11c1  l>c.im.  ].  O, 
ix  reflected  as  a  convi.rgii^  beam  wlwjw  fucns  it  at  I).  A 
bright  image  of  the  teti«,  I.,  is,  ihcrefofv,  formed  at  [>,  aitd  U* 
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a  vciiicnl  line  be  drawn  on  the  lens  or  a  vcilicikl  win.-,  W, 
placed  imincdialL-ly  in  front  of  i(,  an  iitugc  of  this  line  b 
«ccn  crossing  the  Wghl  disc  of  light.  The  3|>)MSiisncc 
tKvseiiicd  K  shoun  at  1>',  which  rL-i>rcH'nu  a  sttorl  length  of 
thi;  scjIi-  Willi  the  briyhl  circle  eiwaicti  liy  the  d.irk  imngf  of 
the  wire.  If  nt^w  the  micji  slip,  nnd  with  it  ihc  mimir,  U,  l>v 
turned  round  SS  »«  an  axis,  the  point,  I),  will  inove  Inck- 
unrds  anil  fonvArds  iiloitg  the  scjiU-  »ii<l  jn^licnte  the  angular 
IHMiliun  of  t!ie  mlrfi^r,  O.  A»  iht  iliMiunc  O  D  may  Ix:  »« 
(w  eight  ffct,  or  even  more  if  convenient,  the  rniigui  lira  (ion 
of  the  movement  of  O  tnay  he  madf  very  (tu-al.  tn  con- 
nection with  thi.s  magnification  it  m  itol  tinimitorunt  to 
nolict  thai,  in  acconlance  with  a  wellknunn  Ij*  in  o|>tk*i, 
the  n.'l1i,'':(c<t  t>cani,  O  l>,  moves  through  »n  iingU  itnuMc 
of  thai  lhrou];h  which  the  mirror,  O,  moves. 

Wiih  (iich  a  delicate  magnify  ingarr.ingctncm,  excessively 
minute  niovumcnts  of  the  niirtor  can  l>c  tietctcd  and 
mcniiircd  iiuite  reudily.  In  fact,  ■so  M.-niJltt'e  ts  the  apiuralus, 
that  all  mechanical  disturbance!!  have  to  l>c  carefully  vlimi- 
naicd.  For  inttance,  the  most  delicate  instrtiments  are  [il.iccd 
on  the  top  of  massive  piers  of  masonry,  built  up,  where 
(Xiwibic  from  titc  solid  rock  ;  or  hung  by  indiarubbcr  bandi 
from  an  over-head  beam.  Even  then,  in  a  city  hke  I-Onilon, 
where  the  eiionuous  traffic  fills  the  a[)fKircnily  steady  earth 
with  all  kinds  of  tremors,  it  b  well-nigh  impossible  to  obtain* 
steady  B|>ot  of  light  during  tlw  busy  hours  of  the  day,  ami. 
in  some  inslancCK,  deiic.Hc  resean:hes  l»avc  to  he  |iost|>om:d 
until  midn^ht  and  Dm  snuU  houTN  of  the  niorniog.  when 
for  a  brief  interval  the  [jieat  city  is  comparatively  askqs 
and  the  piilsin(;  of  it«  Italtic  dies  down. 

One  dinwiKiek  of  the  himp  and  scale  an.uigeincat  it 
that  the  room  in  which  the  cx|>crim<;uis  ate  made  must  I>c 
darkened.  This  difficulty  is  avoided  on  the  Continent  by 
using  a  lclcsi-o|>c  and  a  plant  mirror  instead  nf  a  I  I 

a  nim-ave  niintir.  but  the  method  is  much  more  <;" 
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the  observer,  who  luu  to  k«i;p  his  c)'C  Tixi^l  nl  ihe  cye-{>i«:i; 

of  ihc  idcMHiiM.     Antrttier  mcilKKJ.  wliidt  coinbiiics  all  the 

Ailvaniii|;es  of   the  Uiii|i  atul  Mrnic   wiihout    rcjuiring    a 

dailcaictl   room,  is  now   being  very  (jcncmlty  adopKnl.      I( 

coDMsis  in  ri-plnciiig  iHl-  ojxniui'  scale  of   ]-'if(.  176  t>)-  a 

traDspaicnt  stale,  behind  whii;li  ihe  obserwT  st-inds.     One 

method  of  nr- 

taopi)^  such  n 

scale   is  shown 

in     Pig.     17S. 

The  wKinre  of 

light  b  a  glow- 

Uni|)     in     the 

box,      n,     10 

N'iiicb    current 

D  supplied  b)- 

the    lerminalH, 

T  T.  ITic  light 

is  directed 

through  a  lens 

in  the  tube,  1^ 

lo    the  mirror 

of  the  f^tlvaoo- 

inclCT  oc  other 

inslrumeni,  by 

which  it  is  re- 

Ikcted  bock  on  the  imle,  S,  on  which  it  i.i  brought  to  a 

focio.     S  Ih  a  seini'iraniiiiarent  sralc  of  grounil  ^Uxf,  nnd 

the  ob«T\cr,  slanclini;  behind  il,  c.in  sec  the  spot  of  lij;hl 

plainly  wilhoui  ihr  room  being  darkened. 

I'hcre  b  ktill  nnoiber  and  iuilepcndeiu  wajr  in  which  the 

M.'nfiitivcnc»i  of  tht  instrunicms  ne  have  i>ecii  <)escrilMng 

can  tx:  easly  incrcau'd  or  diminished  within  certain  limits. 

I  Hitherto  wt  liat-e  :i{K)k(-n  of  ihe  movable  m.if^nct  at  bciD^ 

Iplaced  in,  and  controlled  b)-,  ihe  niaxiuMic  field  of  tlie  earth. 


fi«.  iri.-Uiii 


t.k.  I -.^. 
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But  it  is  obvious  that  Any  utlicr  tna|;i)ciic  5(1(1  would  scivc 

the  ptifposc  uf  a  cotilrollini;  field,  nnd  if  this  anificial  IWId 

were  ML-nkcrlhnn  ihiit  uf  Ihc  tuilh.n^ir.'iEer deflection  would 

he  [xwluced  by  n  piwii  tiirrent, 

since  the  forces  tending  tu  keep 

the  tKcdIc   at    ivto    vnuld    he 

sin:tlU.T.    On  tlic  other  liand,  if 

the  imiAcial  licUl  ncrc  stronger, 

the  defleirtion  would  lie  lessened. 

Acxiordingly  there  is  uituuhy  at- 

titchcil  to  tlM  rase  of  ii  sen^tive 

gajvaimnvcter  a  movalilc  [icrinaii- 

entnin^tu:t,M  (Kigs.  i74a]Kl  179), 


Ffc.  >•(.— Soniiin  tuflnxlac  Otlwaoimn. 

which  can  l>c  slid  u|>  3ii<l  down  tht?  rod  un  wtiich  it  ii 
placed,  thu«  t>nidiu'tng  a  wx.'aker  ix  stronger  field  at  the  sn»- 
pended  iiugncis  inside.  Another  iisc  of  lhi«  magnet  n  to 
adjust  the  s|KH  of  light  to  ix:ro  when  no  curteni  :■ 
By  tiiininii  the  ^<:re1■,  S,  the  vertical  lud,  and  «i' 
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ixed  inn^nvl,  M,  ix  roiitlcd,  .iml  tlir  din'-'tion  of  thv  con- 
troDin;;  fidd  »ii(1  ihi;  set  or  lFi«  !iii&pc;n<li-(l  tiin^Tieis  allervcL 

For  reasons  upon  which   we  need  not  dwell  in  deiail 
jl   would  Kcem  bi-ltcr,  wiili  asLilic  galvanomclcrs,  to  plncc 
is  ('iintri)llihj;  |ivn»3ri(,'nl  maxncl  in  the  huri/oiitnl  plane 
insstn(-  tliroii^l)  the  cciitru  of  ilic  susjicndcd  oMatic  sysicm. 
Some  galvanotnclers  rcccndy  constructed  have  tlie  magnet 
pbct-d  in  ihis  plane  and  movalik-  in  il  (if^  Vi^.  187). 

In  Fig.  179  we  illuKtraie  wh.U  \t,  probably  the  most  sen- 
ititive  instnimvni  of  this  cIom  hitlii-rlo  ir»nKtriiet<Hl-  It  was 
nude  two  or  ilirvc  years  ago  by  Messrs.  Naldei  BrothcrK  for 
ic  Citjr  Outtds'  Central  InMitiition.  To  HX\ite  exceptionally 
igh  insul.ilion.  tlie  rrami.-work  which  hiMs  the  coils  is  sus- 
.pcAded  Irnm  the  four  otiicriito^t  lon^  ebonite  |iillar!i,  P  P,  and 
ic  icrminaU  .11c  atta<:hcd  to  the  two  shorter  piiUrs,  /ifi.  Tbc 
to[>f)er  corulurlor  is  a  very  fine  thix-^ul,  imly  o'ooi4  ineh  in 
diniueter,  and  is  85,400  feel,  or  over  sixteen  miles,  long ;  it  is 
wound  on  in  a  great  number  of  ttims,  and  has  a  resistance 
355,000  ohms.  With  Ihis  inMrumcnt  a  current  of  one 
thirty-sixth  thoiiKindth  [xirt  of  a  nilllioiith  of  an  amp&rc 
n  be  deiecie<i. 
In  all  the  irwitrumcnts  yci  referred  to,  the  coils  carrying 
the  oirrcnt  to  be  measured  have  been  fixed,  and  the 
nugnets  a<rtc4)  upon  hav-e  been  movable.  What  ne  nrc 
thieOy  comenwd  wiili,  however,  is  the  rotative  motions  of 
le  two  systems,  and  in  the  foregoing  cases  the  magnets 
ere  left  free  to  move  because  the)-  were  Iws  maviivc  than 
the  coils,  and,  th«R:for«,  vere  moie  ea&ily  mmed  Ity  the 
mcH-liani<.at  fiwtts  brMight  into  play  than  the  coils  would 
have  Iwen,  had  the  latter  been  movable  and  ihe  m.igncis 
ixed.  Uut  Clerk- M.1X well  tias  shown'  ih.-il  a  liKbl  ttitjiended 
g|  [ila<-ed  in  a  stiuni[  niaiinelic  6cld  may  he  used  as  a  Kal- 
'anomeler.     In  Fig.  180,  reprodiKcd  from  Clerk- Ma v well's 
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great  wurk,  tliv  coil  in  su«|iended  by  mvnnN  of  the  two 
wirvH,  A  atid  B,  by  which  the  current  enters  and  U!nvc& 
It  is  placed  hrtwccn  Ihc  pok-s,  N  S,  of  a  powi-rrul  magncl, 
which  nuy  eilhi-r  l>c  an  L-lrtrironingiiti  or  a  pcrnuiii'iii  one. 
but  in  practice  Ls  u^iully  llw  laiwt.  To  contcniratc  ibc 
Ru^jnciic  field  nn  the  vedioal  jiidca  iif  the  coil,  the  soft  iron 
piece,  U,  is  placed  belvrccn  ihe  poJcs,  IVhcn  ihc  cutrcni 
piusr:i  through  the  coil,  Ihc  Initcr  lends  to  m:1  with  iin  jiianc 

at  right  nnglus  to  the  MA 
or  the  large  magnet,  so  thai 
its  lines  of  force  niny  co- 
incide with  ihoKC  of  the 
BMgneL  It  is  (ircA'cntcd 
rmcn  taking  up  this  (lostlioii 
by  the  tnr^on  which  wrouhl 
tliercby  be  placed  on  thi; 
wires  A  and  B.  Conse- 
quently nn  intermediate 
position  will  be  taken  up^ 
and  the  dcReciion  read  in 
any  of  the  ways  already  de- 
bribed  may  l>c  unml  as 
a  uiea&urc  of  Ihe  current 
slicngth. 

'■"he  idea  thus  thrown  uui  has  been  cinb(xlK-<l  by  M. 
D'Arsonrat  in  a  practical  instrument  for  meosutini;  uikall 
currents.  A  permanent  and  powerful  horseshoe  magnet, 
M  M  (l-'ig.  i8i),  is  fixed  with  ils  poles  upward  on  a  liasc 
boanj,  It,  provided  with  the  iimliI  Icvellitig  screws,  S  S. 
lietween  the  |x>les  is  a  cylinder,  .\,  of  soft  iri>ii  lixcd  firmly 
to  the  upright  veitical  rod,  R ;  thb  cylinder  concentrates 
the  lines  of  fotcc  of  the  ma^ntet  in  tiic  narrow  g»ps  iHlween 
it  and  the  magnet  |«iles.  In  these  narrow  gnps  the  coil,  e  r, 
is  susiJCiidcd  intwceii  the  ifires,  a  and  A,  to  which  its  ends, 
arc  electrically  connected,  the  wires  being  kept  i"ii  '"■  'li- 
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Ijmt4l>)c  «|)ring,  s.     The  ntirroT,  m, '»  mounied  at  lUc  top 

f  the  toil,  and  move*  with  il,     llie  icmiinals.  //',  are 

ilacfd  uuisjdc  iIh-  »;(iv«.  y,  oiic  oT  tlwni  being  cwmecicd 

the  upper  wire,  it,  ihmugli  (ht  roJ.  k,  and  the  oilwr  lo 

ic  lower  wire.  ft.  thronn-h  (he  >|>ilng,  /.     If  now  a  rurrcnt 

Bcnl  Ihroitti'i  Iho  coil,  i-|-.  from  /  Ui  /  ,  the  coil  and  wilh 

it  ihu  mirror,  m,  will  tend  10  move,  as  alrcndx  expUincd, 

lo  n  (VMilion  at  ri^hl  angles  to  ihc  lines  of  force  of  M  M, 


m 


will  twist  the 
ires,  a  and  i, 
and  ihi«  twiu  will 
nd  to  Win];  it 
:k  lo  iho  po- 
sition uf  nst ;  it 
will,  therefore, 
tnkctipsoinciRlcT' 
mediate  jMiiiiion 
which  may  iic  oli 
rred  wilhalK-ani 
light  direrlecl 
n  the  minor  in 
ihe  iiianiK-r  nl- 
idy      dc«:ribcd 

1»I»-  347  >o  349>- 
The  greater  Un-  ciitrcnt  ihc  t;r<^atcr  will  he  the  deflection. 
t»it  the  deflections  arc  not  ivccessarily  propotlionnl  lo  ihe 
ciirrenl-s. 

Shouting    GalVOnometen.— I'Ik  range  of   currentx 
that  an)'  patiicubr  j^h^nometer  can   directly  measure  is 
ccessarily  liniiled  :  on  ihe  one  side  we  may  have  currents 
small  n-t  not  lo  produce  an  aptHccialilc  inovcni <.-»(,  and 
pn    the   other   side  currcntK   ko  Urge  that  ttiey  cauwe   the 
»nler  to  strike  a^aiiixt  the  stops,  or  in  a  rcfleeting  galt'ano- 
ncler  make   ihc  spot  of  Iij;ht   mote  right  olT  the  scale. 
X 
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Wc  hnvc  endeavoured  to  describe  some  of  thv  (cfincmcnts 
hy  which  the  firel  class  of  cumtnb  imy  be  rcHi'hed  >ih] 
mca-Mirt'ii.  Fcwiunnu-ly  iW  m^cmmI  rliiss,  r'.c,  live  nitrciiui 
wt)ich  arc  loo  l.irgc,  tuny  frcqucnily  be  l>rnu^l)t  witlijti  tlic 
niiigc  of  ihe  instnim(.-ni  by  a.  tciy  simple  i-k-clrtral  device 
known  .IK  iftuttfitig.  By  Ohm'x  law  we  know  thai  ir  n 
nirrent  hu  a  choice  ni  two  [Ktlhs  it  will  dividi' iitelfbclween 
tbcm  inversely  as  (heir  rcsiMancc^  ihe  smnller  ix-^istancc 
receiving  ihc  Urjjcr  ciirrcni,  ami  r-ia  Vfrul.  If,  llicrcfore, 
a  mrrcni  is  Inn  Inrgt*  for  n  parli'ubr  galvanoiinclrt,  all  ire 

lia\-e  to  do  1h  «>  prrniile 
a  bye  ]»»« or  tAuif/for  |iail 
of  ti,  nnd  only  uke  » 
current  nt  cuiiventeni  niiig- 
nitudc  through  the  gal- 
vanometer. Thus  if  X 
ami  x'  0''g-  'S>>  l>e  the 
Icintinals  of  a  galvaiKt- 
nntcr.  G ;  w  ic",  ihc  wires 
ronrwriing  it  with  the  rc»l 
of  the  lirciiit,  and  if  we 
place  a  eoil,  i,  across  the 
tcnninaK  g  g';  iIk  cum-nt  cumitig  nlong  »>  divides  at  f 
into  twii  parts,  one  of  nhkli  flows  lhtiiii|(h  ihc  (:.i1vnno- 
raclt;r,  (>,  and  Is  measured,  and  llic  other  throinflt  Du; 
shtim  coil,  t;  iUcsc  currents  unite  again  at  g' and  pass  on 
alonK  w'.  The  frartion  of  the  euncnl  in  a*.  which  passes 
lliroii>;)i  C,  will  be  tcnown  if  wc  know  the  relative  rexitfances 
of  t;  a»d  J.  I'or  instance,  suppose  the  rt-sistaiice  nf  i  ih 
j^'^tb  of  the  le^isl.ince  of  G,  then  wc  know  thnt  nin^ty-iiinv 
])arts  of  the  current  will  patis  through  s  for  ervry  pain  which 
jiasscs  ilirouxh  0  ;  C,  ihux  only  receives  ,tnih  jnrl  CiT  Ihe 
current  in  w.  which  is,  therefore,  too  limes  live  current 
iiieaMircd  by  the  g.ilvantuneicr.  I'or  convenience  ^leeial 
tjOxe&   of  re^isiamxrs,  <:illc<l   lAww/   f-^t".  :>T'-    inpiili.-il    whh 
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irsction  of  the  resiitiniice  of  the  KiilvniininvitT.  'I'he  rtiiclionti 
uttially  chmci)  arc  J,  »'.,  ^\^.  su  tlui  ihc  full  rurrent  is  lO, 
loo,  or  1,000  limes  the  currcDl  measured  by  ihe  galvsno- 
meier.  One  of  these  shunt  boxes  for  *try  sensitive  gnlrano- 
meters,  b  UIun- 
trated  in  1-'i^  1&3, 
Tills  box  Contains 
three  coils  in  \k 
uwd  as  shunts  ; 
one  end  of  each  coil 
is  cQnnecle<l  to  iIk' 
brass  block,  C,  (lie 
other  ends  bdn}; 
connected  to  1),  K, 
and  V  rcsfwctivt'tj'. 
A  R  if  a  coniinu 
uuH  I  trails  hl<M-k, 
which  fan  Ix-  jotnLiI 
to  cillier  1>,  K,  or 
V  l>y  inNCTting  thi- 
plug,  (f,  in  tW  a)> 
proprialc  Iwlo ;  s 
and  S'  arc  the  ter- 
minals whi4:h  iirc 
attached  to  the 
gatvanometer  tct- 
niimls.  When  iFie 
]tltl|;  tS  pbreil  a.t  slxiwii  in  the  figure  the-  <:iitrcnt  ar 
riving  iit  S  divides  iMjiwocti  the  K"b'^""*i'<:'^T  ^I'd  the 
coil,  C  D;  this  coil  having  ;th  of  the  lesiMancc  of  the 
gnlvanomclcr,  Ihc  ctiitcnt  nicasiiied  b>'  the  latter  must 
be  multiplied  bjr  len  to  give  tlie  full  rurrcnt  before  shuni- 
ifig.  To  secure  ^ood  itiMil.ttion  the  various  Iwnvt  liloi'l:^ 
are  mminted  on  eboniie  |)ilI.Trs,  I'  P  ,..;  the  handle, 
X  9 


Vi^,  iKi.— ^hunl  &at  fo' S'nu[ivi^^>ii<jfiHiinf(^, 
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I,  or  ihc  plug  is  ahn  or  cbonilc,  kq  llut  (he  vx|>cnnM;iilci 
tnny  not  make  tlcctricil  t:oiiUici  will)  the  drcuil  in  moving 
the  [>UiR  from  one  Iiulc  to  smother.  A  hole  is  provided  t>y 
wliicli  ihi-  blocks,  A  aod  C,  can  I»c  conncticd;  «l>cn  tlic 
[>Iug  is  in  this  hole  (he  galvandincli:!  is  lutid  to  tv:  lAvrt- 
drmilfJ.  for  prari«ally  no  tiirrt-nt  goes  ihrougli  the  insini- 
nicni,  twwever  (jreat  the  ctimnl  from  S  to  S'  inay  lie.  Thus 
by  always  leaving  the  plug  in  this  hole  when  the  gAlv.ii>o- 
nieifr  is  not  in  iis<-,  il  is  piMectod  froni  l>i-ing  cUni.igcd  l»y 
A  tiinvnl  Ining  ancnirnlalty  »ent  tli[oiij;h  it. 

Simple  Seasitire  OalvaDometera.— The  mndcnt 
iiiMitiniciitii  dcsailx'd  above  arc  chic'ly  examples  of  the 
furihcr  dcvilnpiiKfits  in  thi-ir  patticuUr  diiecttons  to  whkh 
[he  an  of  consirucling  (telicalL'  apinraiuk  ha.i  Iwen  carried  ; 
ennseiiuently  they  are  usually  cxpcmii'e,  as  much  skilled 
lalwiir,  an<l  S|>ccial  knowkdgc  in  contveclion  with  many 
minoi  detaiK  arc  R-ipiiteil  in  llK-ir  const luclioii.  Mwivovcr, 
fur  man]-  ttrilinary  piit|>o5Gs,  the  degtii;  of  cUhoration 
attained  i.i  not  rcqtiircd,  and  a  more  easily  constniclcd 
insiiumcnt,  combining  sim)>)t<rity  willt  a  fail  amount  a{ 
aoiir.icy,  is  all  that  is  nceiled.  H'e  Nliall,  llicnrrorc,  rwn- 
clitdt'  tlii^  wrtiun  by  describing  tno  in^truiDL-niK  which  wv 
lielievc  fulfil  these  conditions;  the  first,  a  reflecting galvaiKc 
meter,  reiguiring,  therefore,  a  lamp  and  scale  for  its  use  ;  the 
olIiCT,  a  direct  rc;iding  inMritment,  willi  ordinary  jio inter  and 
circtdar  ic.ite. 

The  simple  raBecling  galvanometer  (Fig.  184),  designed 
hy  Wt.  Mather,  consi<1s  of  t«ro  coil«,  C  and  C.  resting,  wiih 
a  runow  sjoi  c  between  ihem,  in  a  itiiiahly  .tha|icil  0|wn  bos. 
'1'\k  end.t  of  the  cuiU  arc  brought  to  screws  on  a  narTOw 
block  in  front  of  the  box,  and  these  screws  arc  connected  lo 
the  two  tcrminah  pbcvd  outside  llie  .timiite  glass  shade 
which  shields  IIk  coiht  qikI  tnlrror  frtim  atr  currents  and 
dusl.  A  thin  uiip  of  mien,  S  S,  liangs  in  Iho  nannw  kIui 
between  the  c<jils  and  carTies  the  mirror,  M,  and  three  seLs 
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(if  magnets,  m„  m„  mi\  of  these,  m,  lungs  at  Ihc  ccniR-  ol 
the  coils,  .in'I  AV,  and  w,  just  otiisicU;  the  cknim  fere  net. 
The  niagnd-s  *»,  and  w„  hnvc  tht-tr  jwloi  ttiineil  in  llie 
0|))M>!ii(e  <lia>ction  to  tlK>te  of  fn„  4n<l  the  whole  fomis  a 
nearly  astatic  sj-stein.  'llic  slri|>  of  mica  is  hunt;  hy  a  fitme 
uf  uns(uin  silk  ftom  a  simjilc  support,  1',  whcic  tht-rv  k  xn 
arrangement  for  raising  and  lowcrinK  it.  'i'he  iiMial  Itvelling 
K'rcwK  are  i>iovi<le^l,  but  the  coniri)lling  magnet,  if  required. 
muHt  be  !iup]K>Ticd  inde- 
pendently in  any  conve- 
nient spot  iteat  the 
tjtUniincnt.  With  thU 
gatvanoinetcr  many  uf 
the  exiHTinienlS.  for  wlikh 
nmrt!  e>;|)enKtvi;  instni- 
mcnis  are  frequently  used, 
cnn  be  petfomied  with  a 
hi^h  degree  nf  sn'iirary. 
i\tK>tl)ei>|M:('ialadvaiilaiti: 
of  the  design  is  that  llie 
c«il«,  C  and  C,  C»»  lie 
rentovc<l,  and  other  coiU 
giving     greater    or    lew 

sensitiveness    placed    in  ^.^  ,g^,  j,,,^,,.,  k.««,„«  («i™.«...-. 
position  in  n  fc«*  mtnutes. 

A  peat  range  ean  tliuw  be  obtained  without  much  additional 
expense. 

One  drawback  oi  most  sensitive  in^iuiiK-nls  with  a 
pointer  and  sc-itc  is  that  the  dcfleetions  are  not  \rto\xyt- 
lioiul  to  the  current.  For  instance,  with  the  astatic  galvuno- 
meter  of  I'ig.  i;;,  the  current  thai  produces  a  deflection  of, 
«ay,  36  is  much  more  llian  double  the  current  ie<juircd  10 
give  n  deflcciion  of  tS".  If,  therefore,  it  is  rojuired  to 
Com|>are  tn-o  mrrenti  with  mmtIi  an  inslnimeni,  ex]H:tiincntx 
must  be  mode  befureliaiid  to  determine  the  rcblive  values 
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(tf  the  4-urrcnts  that  prcKliioe  (lie  varinun  dcflwiioiis.  Such 
a  prtM'L-M  is  callt-il  iiilihralittg  llie  giilviiiiviiivti'r ;  tlic  ii,-«ti)ts 
aic  rei'driJed  fur  rt.-(i.-iei>re.  Ikii  ilivtr  use  ii)t-olv»  a  ccrinm 
amount  oX  iruubh;  and  liability  it>  error.  To  avoid  lh»  the 
inslriimint  lihuwn  in  I-'ig.  1S5  has  been  (IcsignciJ  ;  it  luix  lh« 
adv^int.igi-  lh:>t  ii|>  tu.  01  n  litilc  beyuml,  .15'  Ihc  dcfleitiofli 
arc  iiinjiotlionii]  lo  lh<:  cunrnls.  Tliuii  tin*  (.nrrcnt  ic<|»iirecl 
tu  pfotluce  a  dcltfciion  of  30'  u  three  tintcs  ihc  cuircni 
reiiuircd  for  a  deflection  uf  10 ,  and  similarly  for  other 
ilcflvciions  up  to  Ihc  limit  naniett.    'Ute  arrangi-nii-ni  of 

Ihc  latts  is  islioKn  in 
Fig.  186 ;  the  coib,  C  C,  an 
wijuful  u|<i>ii  iH-<i  wmi  circubf 
or  D-bhajicd  hlucks,  ami  aw- 
l>We<I  horiKontally  op(M>tilc 
(ine  another  nt  a  dtManec 
ajjEirl  a  little  leia  titan  tlie 
length  of  the  magnetic 
rtccdlc,  *  s.  The  needk*  is 
sus|H-tKlod  l>y  a  silk  Tibn: 
frunt  a  Mmpk  su|)|»ori,  and 
Itaa  allAched  to  it  a  long 
tight  pointer,  //,  the  cimJ  of 
which  niot-cs  owr  a  <:tr(-uLiT  card  graduated  in  ortlinary 
degnx-K.  The  needle  \%  hiffher  than  the  coils,  mi  that  Ihe 
piiintt;f  swings  clear  of  them.  In  Pi^.  185  the  ix>ilH  arc 
liiitdt-n  hf  a  thin  shtet  ol  luoliing  glass  pla<:cd  l)clwccD 
them  and  the  t>eed)e,  to  enable  ihedcHection  (oIh;  md  with 
grcatLT  ai  curacy.  Circaiet  Sentiilif'L>nnx  at  a  !>li]{htly 
additional  cost  can  \>e  obtained  by  usin^  an  "astatic  pair  "* 
of  rieL-dles,  as  in  1%.  171  ;  ihc  Upper  needle  should  be  in 
ilif  piisiiion  ol  «»,  i'%.  186,  and  the  lower  one  in  a  sym- 
inctritAl  |ioatlion  Ar/iw  the  coiIk.  For  the  |KO|torliuiMl  law 
u>  hold  Itue  the  I'nnttiiHini;  r>elil  iiiiisi  Im.-  nmform  ;  the  tii-!>t 
fiettl    i.%  that  due  to  ihc  eadh  alone,  but  il  a  con m tiling 
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nin^nct  is  uacd  it  must  nnl  }n:  \\\areii  vay  *:Uae  lu  ihc 

Ballistic  Qalvanometers. --Bcsi<J»  iiw»&tinnj;  cut 
rcnis,  (;a I V. -I I)  1)1  Ill-UTS  i.m  al,so  be  uk^  lo  hummih.-  niiaoiitks 
iif  clc<:lriciiy  as  .ilrciulf  niuiitionol  in  titi-  I:l%(  wcliuii.  Of 
coitnic.  fw  .1  sicady  cuncm  ihc  quniiiii)-  of  clc<  tridiy  ihai 
has  poMetl  thrcHigh  thv  iuuruiuciU  can  always  lie  oljiainod 
by  niulli(ilyiii);  the  Ciirrcnl  by  rhc  lime  of  Row,  but  wi-  arc 
rcftniiig  now  lo  ihe  mMsurenjciit  of  ciinrgra  of  clcctriciiy 


Ftf.  ttt.— Princlptc  v(  Pi«|K>iIi«iiil  bhananHla. 


accuntiihtcd  on  i<in<lurton*  as,  for  instatnv,  ihc  rluirgc  of  a 
sahnyjtuK  cabli-,  or  of  a  condoiiNcr  ur  a  I.L-y^lcii  j.ir.  II  Mich 
m  comluttof  be  disc  bailed  through  a  suflicicntly  Muisiiivv 
fpilvanonictvr  there  n'lll  lie  no  {Ktm^incnt  deflection  licc.iusc 
Ibc  currvni  a  otdy  tumncnlar)-,  but  Ibnv  will  be  an  imput- 
«vt  movement  i>(  the  neixllc,  wliidi  will  iIk-ii  ri-imn  lo  itriA 
,-it  its  roiincf  <:cio.  It  can  Ur  ^own  mailienwtitally  that, 
litovklcd  Ihc  whole  disclwugc  has  i)a««i.-d  through  before  the 
needle  has  wrnxditjr  moved,  the  hmit  i)t  titv,firt/  »wiii);  of 
the  neaiiu  in  a  iiiuimuu  of  Uic  t|uautity  at  dectticity  tbat 
lu.1    iKtiscd.    Thia    t)tD  luil    lo 


3^ 


the  sine  of  h.ilf  the 
symbols  — 


7>/*r  EtectHK  Ci'KUKfrr. 

angle  of   litis  Am  swln^    or, 


in 


Quantity  dischargn),  m  Sin  .. 

whifi:  S  is  (hv  aiigtilat  \'.iliic  uf  ihv  finil  xwing. 

l/liMl  scn.iilivc  rcHectiit);  );.-ilv;inoiiit-ICT!i  ma)'  \k  used  for 
maVinj;  tlii^  mi-jsur(;ni4.-iil,  liut  one  liuilt  siiecially  foi  the 
pttrjiosc  U  better,  and  is  tuiovrn  as  a  hxllhtie  galvsnoRieier, 


lia.  ■K-KaU«'*  IWIMit  Odwnawt. 

The  particular  modifications  required  are  directed  to 
R-du<-ing  to  a  iiiintnitim  nil  Nutirco  of  kinetic  and  lua^neltc 
ffH'tion,  nlikli  tend  to  reuiril  iIk  inoiion  of  the  necdli^ 
though  th<.'y  might  not  .-it1«i:t  its  Mcady  ^lellt^tion.  SiKh  an 
instilment,  d«Kign<Mlby  Meurs.  Naliki  tirolhent,  b  itiovrn 
in  Kig.  1S7.  Tlw  coils,  one  of  which  is  swung  liack  la  show 
tin  Mi^iroiidutl  ninjjntt*,  are  in  clxinilc  cues,  ai" '  :  al 

muiiiuiiiKS  are  Tcntovcd    riiiiii    ibc    iwiiilthiXIrti  liit 

nbigneis.    'Hn-re  are  four  of  lliese  m  1  <lcd  iit 
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the  usual  way,  two  at  the  cciiuc  and  one  tnch  at  X\\e  lop 
aiwl  buttoirt  of  (lie  ivils.  'ITii-y  form  n»  aslalk-  system, 
nn<l  Co  ixtltwi-  ihtf  air  friclioii,  when  ihcy  revolve,  lo 
a  miiiimuRi,  they  have  exlemally  tht-  foini  of  cyhnrfers 
whasc  axes  arc  in  ihc  a.vis  of  suspL-nsion.  Such  n  xystem 
when  tmce  wrt  siringmg  oncounicrs  very  tittle  friction,  and 
will  swing  for  n  Inng  lime  lieforc  eomin^-  to  Test.  It  va, 
therefore,  well  adapted  to  measure  the  tin|iu1sc  );iven  by  a 
sudden  discharge  through  the  coils,  for  the  needle  will  reach 
the  end  of  tV  first  swing  without  having  lost  hy  friction 
tiiuih  of  the  energy  im|i:irtc(l  to  II.  The  mirror,  /,  also  i& 
made  very  iiniult,  m>  :ut  not  to  disttitl)  the  air  much  when 
moving.  The  conirollinc  magnet,  M,  is  placed  where  it 
ou};ht  to  be,  on  a  level  with  the  ceiHre  of  the  .t.statif'  system, 
instead  of  in  ihc  usual  posiliofi  alxive. 

\  Uailistic  GdU-anoiiieter  sltould  lie  used  for  t!ie 
ni«a:iiireiuenl  of  permeability  <Icsnibe<t  on  page  J15,  for 
the  ai\urai-y  of  the  measuremcitt  depunds  it|«)n  tlie  correct 
eaiimalion  of  ilie  (luanttly  of  clecuitity  ^-t  in  motiun  hy 
magiKto-elcctfic  induction. 

Caltanom<{trs  for  Mtasuriits  Large  Cumnli. 

The  enormous  devcloptDeiH  tluring  the  Usi  Ici)  or  tnetvc 
yean  of  ehxlric  lightini^,  and  the  use  of  lar^e  euirenis  of 
elei-trieity  for  other  purjiiwes,  has  crwUed  a  deiiiaixl  for 
accurate  galvanonielen  S]>cciall)-  adapted  for  llie  meiisure- 
mcnt  of  such  current*.  Some  of  the  difUcultics  met  with 
in  conaructiii}!  semiti^e  (fiUaiioineters  arc  ctiiniiiatcd  by 
the  change  of  condidons.  For  instance,  the  magnetic 
BcMt  set  up  by  lar^c  currents  arc  stronger  than  those  <hie 
to  small  nirrentit,  and.  therefore,  the  n>c<:hani<*al  force*  that 
may  l>e  calleil  into  play  by  ihem,  though  xtill  unall,  are  not 
so  excessively  minute  as.  in  require  the  iiKnt  delkate  rctine- 
nu.-nts  of  a  Fhysical  laboratory  to  delect  and  measure 
them.     'I'he  elTorls  of  constiuciors  have,  then-fore,  been 


I 


i6» 


TlIK   ELACntK   CVKieitHT. 


dircclnl  i»  otlivr  [wintt,  ainoiigbi  which  iIk  «:hief  lui  been 
[o  |)n)(lu<:i-  ail  iiLstrimHitl  tntircly  Mitfcunlaiiii.Tl.  wliusc 
indicatitinn  alcill  nul  ilMi)i;e  from  day  luitiy  or  Inmi  )xi»r 
to  yvnr,  and  Hhull  ttot  be  nAct-KK)  l>y  the  tiiajTU'lic  licUU  ind 
with  in  nioniH  whirrc  dyn.inuis  an;  wtifking,  or  in  the 
ncifihlHJiirlioud  of  lat^r  curti-nls.  Alai,  m  ttiv  innlnimcnut 
have  to  lie  UNvd  by  wurknivn  uiitnincd  in  lite  inlriotriis  or 
cluciTicjil  science,  they  inu»i  directly  inilKati:  a\  a  |;lanc<;  llic 
nuinlK'T  of  .in)[M.'n;s  poi&ing  through,  jiist  as  a  piod  rlock 
shcm.i  ihc  tiiin;  of  day,  or  a.  lhi.rint)im:iiT  (ht-  icin|K-tat(ire  of 
thi'  r<H>Tti  in  which  it  is  t''"*'-'^-  nx-y  ii>uM  alwo  iti>t  be 
damu^od  by  GonKWhot  rough  usa^.  For  rx>nv<:niaH%  gal> 
vaiioiiivii-rs  fur  measuring  \a.T^v  mirents  btc  UKtully  irfcrrnl 
l«  AH  fim/vifHitUrs,  or  iiion.-  hrictly.  Allimeter&.  Ol'  iIiom 
in  uw  we  ran  only  describe  oiw  or  twa 

In  inoKt  of  Ihc  Kmsitivi:  liMtrunicDls  iJiat  wc  haw  dc- 
xrrilicd.  llH-contrulhng  forrc  icndin};  to  bring  the  iH.ixlk*  heu'li 
to  f.-n\  \v.\^  hcvn  the  magnflic  nrtiun  of  a  livkl  .set  n\i  by  the 
etuih,  or  mmuc  external  iind  usually  K-vak  mii){net.  Kof  our 
I>rcscni  purpose  such  a  method  of  control  «-oukl  obviously 
\k  useless,  as  the  controlling  force  «'ou)d  var^*  cnormouxly 
if  the  instrument  were  |>Uccd  near  dymn>os  or  large  sik] 
varying  electric  currentx.  In  many  iiulnnncnts,  therefore, 
a  inech.inical  force,  such  as  that  of  |<ravity  ur  of  a  coded 
K}>f>ng,  is  used  to  bring  lite  niovaUe  pnit  uf  the  instruinenl 
to  its  /CTO  |>o«itioii.  Where  magnetic  controls  arc  uwd,  the 
niannelic  field  must  Ix-  a  part  nl  the  intinmicnt  and  very 
(lowerful,  so  ns  noi  i<>  be  appreciably  (litiutbed  by  the 
external  influences  to  which  we  have  alluded. 

One  of  the  earliest  instruments  to  fulfil  the  spedAed 
ciimtiliont  in  a  fairly  sitislaclor)-  manner  wax  live  I'ennAncni 
Mai;net  Atuu>etcr  of  Pfofesion  Ayrton  and  Pi-riy.by  witoni 
the  name  Atometcr  was  first  used.  An  external  new  <tf  one 
lunn  ol  tiK  instninicnl  is  given  in  I'ig.  i!$K,  and  the  csscft- 
tial  details  of  coitsimciion  arc  shown  in  l-ig.  189.      TIm 
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cunlroUitij;  fteld  h  t}ut  ^1  ti|i  tiy  the  (Ktvciful  ])crinaticnl 
siecl  magnvt,  M  M,  in  the  narrow  gap  between  the  son  iron 
polv-|itLT<;s,  I*  E*.  The  ncvtllc  is  contained  in  (he  bnts»  Itilic, 
which  is  motintcd  between  Uie  ]h>Ic*  ;  il  voiuisln  of  a  liillc 


AM-llMtrtH 


?  « 


ji,i'..i  k< 


Jin   AliJUirlt^ 


oblong  piece  of  soft  iron  with  rotiivdcd  ends,  and  is  fixed  to 
the  sime  spindle  that  canies  the  long  alimiinium  pointer 
whicli  M.Tves  ^s  an  iiultcaiciT  of  its  |i<iKitit)ti.  'I'lie  needle 
itself  is  not  shown  in  I'lg.  iKij,  heUi^  liiddeti  li)- ilie  lulie. 
The  sjiindle  is  mounted  in  jewelled  ccnlrcs,  so  ihal  die 
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needle  and  (winlct  nto^'e  wilh  very  little  ftiction.  A  A  is  a 
brass  tulic  which  fiirms  the  core  of  Ihc  coil,  and  on  which 
it  a  wound.  U'ltcn  a  cuncnt  is  |ui«5cd  through  thJx  coil, 
its  internal  lini.'s  of  force  How  parallel  to  the  nxii  of  A  A. 
and,  therefore,  at  rijiht  nngltrs  to  tht-  lino  of  force  Itctwccn 

the  poles,  P  I', 
't'htit  the  little  Kift 
iron  needle  Ukts 
up  Home  |)U!iition 
in  li-r  mediate  be- 
tween iheve  two 
tlfrecliuns,  and  the 
Rfcaici  the  cti  Trent 
ila-  greater  lUe 
deReclioD.  B> 
|>ropcTly  proiKM- 
tioning  the  dillvr 
cm  jiails  (if  the 
iDittruiiurnt  the  de- 
tlcctioru  can  be 
mule  ]tfa|>ortioiMt 
to  the  current  up 
lo  45"  degrees  or 
ntore.  F  F  are  soft 
iron  notes  tliat  can 
be  screwed  into,  or 
out  of,  A  A,  lo 
assbt  in  adjusting 
the  inslniinent,  and  the  additional  juru  seen  in  Fig.  i&S 
are  fot  purposes  of  adjustment  and  calibration,  to  which 
we  need  not  refer. 

In  othi:r  inttrunit-nu  in  which  magDelic  roiitrolltDg 
fields  are  used,  Ihc  iwrinaneni  steel  nugnet  b  repbccd  by 
an  clei'lto-niAgnel,  whirh  is  cxcilcd  cither  by  the  whole  or  Ity 
a  i>d(l  of  ihe  luneiil  jHwiti^  throtigli  the  imtmntenl.     'Hie 
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amptre-metera  gf  Mean.  Croinplon  And  Kapf),  luu)  xume 
of  Messrs.  P.itftson  and  (ooiier's  i  ml  rum  en  Us  belong  to 
tliis  class.  I'lif  general  [iritici|il«  will  be  umlersiood  from 
our  descriiition  of  the  |icriiuncn[  magnet  untncier  ;  it  would 
lead  us  too  Cir 
into  tcclinical  de- 
Uils  if  nc  M- 
templed  to  discus:! 
the  relative  ad- 
vanU^c-s  and  dJs> 
advaiiingct  of  the 
I  wo  methods. 

\Vc  turn  now 
to  inKlnunents  in 
which  tlii;  me- 
chanical effect  of 
the  nugnciic  ac 
tion  of  tlie  cuncnt 
is  coun  ler- 
lialaiiced  an<i 
measured  by  or 
dinary  mechanical 
and  non- magnetic 
forces. 

'I1ie  Siemens 
Electro-Dyna 
mometer,  which 
w.istht'lirst  widely- 
used  instniinent  to 
employ  a  roecbani- 
eal  method  of  control,  is  shown  in  Fij;.  1 90.  The  conductor 
rarr)-ing  ihc  oirxeni  is  juarily  fixed  and  pailly  movable-  'I  l>« 
cuneni  is  first  led  from  the  binding  screw,  3,  thrcHigh  a  fixed 
cihI,  a  a,  mounted  with  its  plane  vertical  as  shown  ;  it  then 
patsy's  lo  a  mercury  cup  conuinud  in  the  block  immediately 
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below  iltc  coil.  Into  this  tnemiry  cup  there  rrectjr  ilips 
one  eml  at  iht-  iimvablc  i^oit,  \V  W,  which  umnlly  consiitts  of 
n  <iinj!lc  turn  of  sloMi  ivjpiwr  wire,  itic  olhci  end  of  which 
hanys  lively  in  a  mcrcurj'  cu(^  f,  in  ihc  lose  of  ihe  insirti- 
iiKni :  ihis  incrcury  cup  is  connected  to  the  bintting  screw 
I,  from  which  the  currenl  a  led  awajr  to  llw  other  parts  of 
the  circuit.  I'he  coitrw  of  the  nirrctti  will,  jierluiM,  be 
better  understood  by  reference  to  Fig.  191,  in  which  Ibr 

fixed  coil  is  iltngratii- 
ninii<-all]r  reprewnted 
liy  a  iinf;le  loop, 
.\  1(  C  ]\  OIK  m<[  ol 
which  is  .illucbed  to 
a  iMiiding  screw  and 
ibc  other  to  the  out- 
side  of  the  metciir)- 
(lip,  m.  The  more- 
.iblc  coil,  E  F  G,  has 
its  ends  dipping  into 
iliL"  two ineri'ur^*  cups, 
w  and  iw',  .ind  tlie 
lillcr  fm)  is  directly 
lunnecled  to  llie 
">■"■""""  oilier    biiMJiiifrscrtw, 

Th*  («0  iiwk  .in-  ihns  tlnt»)nilly  joined  />»  «■««,  ami  the 
nniV  i-uiteiii  |nui>cs  lhiuu){b  each.  Now  the  mcrh:inic;il 
liwiv  lt«'lwtt-n  liro  riitieiU  camHi^  «>iU  is.  taifris  f>arihit, 
p)t>t •»■(•<■»•) I  tt>  the  ctiirent  in  each,  and  is  tliercfore,  pro- 
piiKK'iwI  to  I'n'  pC(>duct  of  the  two  currents.  Thus,  wlwrc 
Ibc  iwo  »iinci>l*  atv  the  jjinie.  the  force  must  be  pfo(ioT- 
llmMi)  10  llw  /nsA*v  nf  ikt  ewmu  hj  ilulf,  or,  as  it  is 

WtM'''  '■  'f  the  mrrrHl. 

I .  Me  coil  is  supported  by  a  dik 

lliri'd*)  «!'  '  '  tik-  upfier  |iart  of  the  instnimiml,  and 
llit'iT-  I-    , Iml  to  the  iroil  ihc  lower  end  of  a  lot^ 
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and  cloKcly-cDilcd  t|>inil  K|>fing,  N  (Ki|;-  191);  lheui)pci<:n(l 
of  iliis  >{>Tii>i;  \i  ma<le  TaM  to  itic  s|>in<]lc.  T,  (hat  miriei  the 
intlK'ator,  M.  A  |>oinkf,  1'.  ailachcd  10  tiM-  coil  shuirs  its 
position  on  the  gmdiutcd  circle.  It  will  lie  noticed  that 
when  lite  movable  coil  r>  in  the  jiosilion  shown  in  the 
fi(;iiri-,  it  is  at  righl  ant;]i-s  lo  tlie  lixed  <:oil,  and  ihc  Action 
iMwevn  the  n»gnc(ic  Acids  of  the  coils  is  such  lu  to  lend 
to  dnt);  the  nwvable  euil  inio  the  pUric  of  the  fixed  i-oil, 
so  thai  (heir  fields  «)t)ll  roinride.  The  relative  directions 
of  the  tno  i-urreiils  nre  no  nintngol  ih.il  ihii  hns  to  be  so 
Mx:uin|i1i^u-il  by  A  w>unkr-tt(H-k«ise  rotation  «( the  eiitl,  W, 
or  a  movcntcnt  of  the  )>oiiitcr,  I*,  to  the  ri^ht  If  now  the 
gpiodle,  T,  l)c  turned  in  a  clockwise  dircclion.  the  spiral  sprint; 
drags  the  coil  and  its  |>i>imer,  1',  to  the  left  n-iih  a  foicc 
proportional  to  the  angle  turned  through.  I'here  is,  tlierc- 
fore,  for  each  current,  some  i*osition  of  the  indicator,  M, 
where  the  merhanicJil  drag  of  the  spring  lo  the  Icfl  exartly 
I)alaiiccs  the  drag  of  the  two  magnetic  (iehls  to  the  rijjiht, 
and  the  pointer,  P,  stands  at  «ro.  When  this;  \i  the  i.Tie, 
the  rending  of  M  meamrcs  iIh*  current  inssing. 

Prom  whii  wc  have  said,  it  will  l>e  ^en  tlut  the  aii^^lc 
throujth  which  M  is  turned  Ls  pioportioiul  to  the  sijuarc  of 
the  current,  or,  in  other  words,  \\\e  inmat  h ^ro/niHwiiitt  to 
tht  tquare  nmf  •>/  the  ani^U,  wlwjn  1'  stands  at  mro.  This 
sqiure  root  multiplied  by  soine  constant  will  give  the  corrent 
in  ampl-rcs.  Tin-  constant  for  each  insiruitieni  has  to  be 
aMrertninc'I  by  direct  c\|»crimcnt 

llie  Sienwiu'  Rleciru-I>ynanion>eter  may  be  taken  as 
a  type  of  a  large  number  of  iostmnients  known  as  %<r« 
intlrumtnts.  In  al)  these  the  tendency  of  the  intivable 
[larr  to  move  wIkh  the  mrrent  |i3.ssi:s  w  counteracted  !)y 
some  adjustment,  and  the  indicator  of  the  movable  part  b 
brought  back  to  xero  Itcforc  a  readii^  is  taken.  The 
amount  of  the  adjuttnient  ncri.^-ain.*  is  then  taken  ax  the 
readir^  of  the  instruoKnL      The  n«<x-stity  for  such   an 
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adjiiMiiicnt  i«  <>livi(>ti^l)'  n  lUiadvAnt.tgc  ir  (lie  cunimt  be 
Dill  pcrffcily  steady 

Ayrton  and  Perry's   MagraiQang   Spring   Am 
BUtflT  i.t  .1  wi(]ely  UM'd  inUniincnt,  in  which  the  conitolliii}; 


force  it  that  ilue  lo  the  axial  siretching  of  a  chiIcO  «piiml 
SK''%>  ^"^  'l^^  anKiuni  of  i)ie  Mtctrhing  ih  luugtiiliccl  hy 
thc  spfing  itself,  whtizh  is  inccnioiuly  consuiictc'l  foi  tliiH 
parpoee.  The  in.ign«(M:  princi|ile  «mpk>y«]  is  that  almily 
referred  to  aiul  illustrated  on  i>a$e  i6<i,  luntoly,  ibai  a  itun 
iron  rod  plai-L-d  unsym  metrical  I  y  on  the  axis  of  a  sotcnoid 
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is  drawn  into  ihc  solenoid  when  the  current  pusftcs.     The 

constnictiun  ol  \Uv  instrument  is  shown  in  t-'ig.  192,     The 

tipMV,  W  W,  is  liikil  with  ihe  huri/unt^l  t'^>ils  of  a  solenoid 

whose  Bxis  is  vcrticaL    T  T  is  a  ihin  lul>e  of  verj-  soft  iron, 

llio  ujipcr  end  of  which  is  outside  the  solenoid,  -ind  carries 

a  i-.iji  and  iioiiilcr  ;  this  taii  slides  frvdy  on  die  %|»iiiilk',  /*, 

whinh  it  fixwl  to  ihe  glass  [0|>  uf  the  instnimenl.     'I'he 

lower  end  of  TT  is  .tttadicd   u>   the 

cap.  C,  which  carries  the  loitvr  &|>in{lle. 

I',  the  latter  being  free  Im  move  up  and 

down  in  a  hole  in  tliu  liase  of  the  in- 

sirvm«n{.      The    iron    tut>e,    with    its 

acoessorks,  b  hung  riuni  the  lowci  cud 

of  a  long,   ihin,  spiral  spiin^;.   S,  nude 

of  hani  phosphor- bronto,  which  passes 

dou-n  lliroitgh  the  aais  of  the  lube.    The 

upper  end  of  the  «l>ting  is  made  faft  to 

the  spindle,  />. 

The  S|«inK  itself  is  of  a   peculiar 
conslrtKlion,  which  will  be  belter  under- 
stood by  reference  to  Kig.  193,  in  which 
a  few  turns  of  it  uie  iJiown  oi>  a  brjier 
scale.     It  is  socnewhai  like  a  closely- 
coiled   wood    shaving,    and     lus    this 
[.cculUr  property    ilut  if  one  end  be  ^^.'iii^^^^'^j^. 
fixeil   arul    llie    otlicr  end  l»c   slightly 
dtawn  out  in   the   direction   of   Ihe   avis,   Ibis    free   end 
will    turn    lArvNgh  a   torgt    amglt  fi>r  a  t<try    jma/i   tx- 
temwn. 

The  action  of  the  instrument  will  now  be  readily  under> 
stood.  ^Vhc^  the  current  j^asscs,  the  solenoid  sucks  in  the 
soA  iron  tube,  TTi  in  doing  this  it  extends  the  spiral 
((mng,  S,  wbuM  lower  end  is  ailaehcd  lo  i!ie  tube.  But  this 
extension  of  the  spring  causes  its  lower  end,  and  with  it  the 
iion  tube,  to  route  throu^  an  angle  whkh  va  vciy  large  for 
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a.  »r\M  cxleiuion,  and  th«  amount  trf  tlic  rotalion  la  imli- 
cutcd  l>]r  the  pointer  on  lh«  diul. 

Tlic  dial.  iiiMvad  of  twins  marked  willi  dcgtcvs,  is 
){riidii3U-<l  with  \\\c  ain|>tTcs  ncct^'ssary  lu  pnidiicc  tlie 
varifUK  fkfli.-<;tions,  and  ihus  the  instimiK-nl  hdirt^  rtattin/;. 
When  (be  iron  <>(  t)ic  lulic  lias  once  bei!»mu  "saturated," 
the  increase  in  the  dv(1e<:tion  is  directly  |>ro]iort<onal  to  the 
increase  in  the  current,  a  piopcrif  which  h.is  various  ttd- 
vaniagcs  in  ]>ractire.    'I1ic  ends  of  tite  sotcnoM  wire  are 

attached  to  the  liro  external 
binding-screws  seen  in  the 
fiKtire. 

Kiiully,  w«  slull  describe 
a  lytic  of  iiutiumeni  which 
bas  come  largely  inlo  use 
dtirii^  recent  years,  and  in 
which  the  conlrolliitg  force 
is  due  lo  gravity.  The 
particular  inslrament  ilhis- 
traled  is  made  \>y  &fe»nt. 
Nalder  Brothers  and  Co. 
[■'ig.  i<>4  straws  the  appear- 
ance of  the  in»tramcn(, 
whibt  Fij^  195  gives  front  and  side  views,  with  the  essential 
internal  detail*.  Krom  the  external  tcrminjiK  TT,  which 
in  Fig.  r94  are  in  front  but  in  l-ig.  195  are  behind,  the 
current  is  lead  lo  a  coil  which  is  wound  on  the  bolibin,  !•/>, 
wliich  has  a  Urge  central  hole,  cf.  In  this  hole  is  placed 
the  soft  iron  tK-cdlc,  »,  consisting  of  a  bundle  of  fine  wires 
attached  by  a  lever  aim  to  the  axle,  a,  which  is  pttced 
ecccnitii'Jilly  in  the  hole  that  ix,  the  axle  it  a  little  below 
and  to  the  left  0^  the  centre  Une  of  the  coil.  'I'hc  |>oinicr, 
/•,  is  attached  lo  the  same  a\le.  whith  works  in  jewelled 
inrols,  and  the  whole  pivoted  i)'stan  is  then  so  Italanrcd 
that  when  the  iiMtniment  is  pboed  in  the  vertktU  |>ositian, 
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p  points  to  the  ixtto  mark  on  the  scale  ».<.  The  action  of 
Uic  inMtiinH:nl  can  now  be  va«ily  umletsiuoil.  When  thf 
cuiiL-Dt  lluWH  (tiroiigh  the  cxmI,  hit,  :t  miigiiL-lic  ficM  i^  t<i.-C  U[i 
in  lite  central  hole,  <<.  This  fivld  is  much  weaker  at  llic 
i:cnlTC  o\  tlic  hole  than  near  the  linumlnties.  The  Eori 
iron  ncetlle,  n,  nia^iieli»:(l  l^  thiw  fieM.  thouj^h  not  ni  the 
Centre,  is  also  not,  wheii  the  pointer  ii  at  xcio.  in  the 
strongest  part  of  the  field.  It  is  so  mounted  that  it 
is  free  lo  move  further  out  from  the  centre,  and  actua31y 
does  *o,  for,   as  we  have  alreaHjr  explained,   a  piece  of 
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soft  iron  placed  in  a  non-unifutm  magnetic  field  always 
Itrnit  to  move  to  the  strongest  ;>att  ol  the  fiirkl.  liut  as 
soon  ax  it  so  moves,  [lie  force  of  gtavitj'  ts  C3l)c<l  into  [lUy 
and  Itniii  to  bring  back  the  pivoted  s}-stcm  to  the  ikxo 
potitioti.  As  the  drag  of  the  ntagnetic  field  on  the  needle 
increases  with  the  current,  the  pointer  under  the  opposing 
forces  take!!  up  different  jHtsitions  for  diflerent  currents. 
TImisc  pooitwiis  arc  ascertained  by  actual  expctuntrnl,  and 
the  eoTTctponding  currents  marked  on  the  scale,  1 1. 

StanJartt  Ga/vawrndfrj. 
The  C.alvanomcicrs  wc  have  now  described  mcastire  the 
clecirk  current,  as  ve  have  pointed  out  on   (uigc  3^6,  by 
mcomrinj^  in  varioui  wayi  the  stier^iih  of  the  ningnvtie 
V   t 
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licld  in  its  neighbour)) ood  KiiuwinK  ilti-  tonnrctlon 
between  the  ntngniiudc  of  tbc  current  and  the  strength  of 
the  magnetic  field  which  il  >«ls  U]>  under  given  circuin- 
staiK^cs,  wc  ought  lo  be  able  to  cak-iil.iti-  from  ihe  effect 
produced  (hi;  magnitude  of  the  current  producing  it. 
Unrorttinately,  in  moKt  instnimcntK  ihif  i.s  only  iheotdioiltjr 
[xnssibtc,  for  ihc  {>rac[ical  <)ciatlH  of  the  calcublion  defy  ibc 
powers  of  the  most  advanced  modern  nL-ithematical  analysis. 
The  exacl  position  of  each  bit  of  wire  carrying  the  current 
would  have  to  be  knomi  with  greater  aceuracy  tlun  is 
jiOHsible  in  any  form  of  scnutivc  galvanometer,  and  even  if 
this  initu^l  ditliculty  were  overcome,  the  calculation  would 
still  be  too  coinpbcalL-d  for  successful  aittclc. 

But  b]r  sim[difyiDg  th«  instTuntcnts,  enlarging  the 
dimensions  of  the  coih  so  as  to  make  accurate  measure- 
ment easier,  and  attending  to  Ihe  precautions  indicated  by 
theory,  galvanometers  c.in  be  coniitnictcd  sucb  that  the 
current  requited  to  produce  a  cenain  deHoction  can  be 
calcubtod  beforehand.  These  insitumenls  arc  called 
Standarti  Gafntn^wf/trs,  for  by  comparison  with  il^cm  the 
other  and  inure  scnKitivc  instiunicnls  can  be  calibrateil. 

Dui  fint,  what  is  the  connection  Itctwccn  the  magnitude 
nf  the  current  and  its  magnetic  field  f  This  (|ueMion  ts  not 
easy  lo  answer,  as  atl  the  circumstances  must  be  taken  into 
account,  Imt  one  of  the  simplest  waj*  of  Mating  it  H  the 
following,  whid)  may  be  Ukcn  as  the  electro  tDAS^etiC 
definition  of  the  ampere: — The  mrrenl  tvAieA, Jfatn'Mg  lit 
a  tunJuftxr  U»  ttHtimrIm  A'Hi,'  trtttt  ifHn  a  ariutar  are  </  fiiu 
(tHlimftit  raJiiiSf  ads  acrOM  Air  tfilh  n  /arff  <•/  t^tt  driu 
UN  a  ami  mut^ne/ie  /.'/«• '  plattd  at  fkt  ftnlir,  is  tatled  a 
current  cf  oik  ampcrs.  This  definition  ts  illustrated  in  Mg. 
196,  whicJt  is  drawn  to  scale.  Hie  current  \s  to  enter  «  a, 
and  is  to  pass  about  t ,',  times  round  the  spiral,  which  is  of 
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one  ceiximeirc  r.i<]ius,  to  *  ,■  if,  llien,  the  magnetic  forre,  set 
up  along  ihc  axW  of  Ihc  spiral  at  /  in  the  Hirection  of  ihe 
nrrow,  is  such  m  10  aci  upon  n  tmit  nin^'nctir  pole  placed 
ihere  with  a  mechanical  force  of  one  dyni,',  tlic  rufront  it 
a  current  of  one  nmiilTe.  Tlie  reader  should  notice  how- 
very  rsrcfully  all  Icnglhx  nnd  ilisUnccs  h.ivc  to  be  spcciticd 
in  this  (Icfiniiion,  and  how  ihe  neceuity  for  this  sped ficii ion 
compticaics  it,  as  compared  with  the  electrolytic  definiliun 
given  on  page  305.  *i'he  only  awkward  number  in  the 
latlcr  i«  the  i^iiantiiy  of  silver  depotiied  liy  one  coulomb  of 
eletirinty.  Had  the  elcUrolyti*  defi- 
nition preceded  the  elect rf^-mannciic, 
a  simpler  number  would  probably  have 
t>«Cti  chosen  ;  but  Ihe  magnitude  of  the 
ninpuro  was  (riif;inall)'  fixed  by  the 
cleciTo-magiielic  dcrinition,  and  the 
electrolytic  number  given  by  cxpcri- ''*''*^,",^"^i;'^'"' 
ment  as  correnponding  to  that  deli- 
niiion  bait  lo  be  ado|>icd,  or  we  should  have  had  two 
conflicting  imils  of  currcni. 

Now,  it  is  practically  impossible  to  make  the  current 
suddenly  Marl  into  existence  at  a  (Fig.  196)  and  disappear 
at  t>,  because,  as  wc  know,  all  currents  inuM  rtow  in  closed 
circuits.  Uut  wc  also  know  thai  the  m.ignetic  effect  at/  is 
pro|N)nional  to  the  length  of  conduelor  carrying  ihc  current , 
pTovi<le(t  all  parts  of  that  conductor  are  f^uidiilanl  from  / 
'ITius  we  arc  enabled  to  close  up  our  circles  and  then 
dispose  of  the  wires  leading  lu  the  bntlcry  in  such  a  way  as 
to  produce  no  magnetic  effect  at/  Alio,  since  the  force  at 
/  is  in^-entcly  as  the  radius  of  the  circle,  wc  can  use  larger 
drcles  than  those  of  one  centimetre  rndius  mentioned  in 
the  dclinition. 

On  these  principles  ibe  Tit»x^nl  Galfani'itteltr  i»  con- 
structed. One  pattern  is  shown  in  Fig.  it);.  The  n>ndiH-t<ir 
consists  of  a  nearly  closed  ring,  rr,  of  copjwr  sUip ;  the 
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lowL-r  t-niln  of  ilio  stri|).  in.MMtl  of  meeting  to  t:on>|tli-'lc  ihc 
rircle,  nre  Lnxi^)!!  cl(»>c  lot;<:lh<rr,  lum«(l  Klinritl)'  at  liKlx 
ajift'cs,  and  led  to  Ihc  iwo  binding-w-Tcn-s,  It,  from  wliirh 
connections  cm  lie  m.idi-  with  ihc  rcsl  of  ihc  tircuii,  '\1k 
Klri|>  is  kq>l  ill  il);  t.ir<:u1nr  funii  by  t>ein((  lirmly  cinmiml  to 

a  conLcntric  Jind 
more  mo.s.'iivc  rlitK. 
K  K,  nhkh  i& 
Rfoovcd  nnd 
canks  a  coil  of 
nioi))-  tiirn^  whoM 
ends  arc  connecter) 
lo     the     binding- 

Roows  '•  *(xl 
which  a  used  for 
measuring  small 
currcnlK.  'ihciie 
coilx  are  rnountcil 
so  as  10  lum  freely 
round  the  vcnicaJ 
pilLir  at  ttiv  hcM- 
loRi,  and  tlib  pillar 
is  carried  by  ihc 
tuassivc  circular 
liaKi',  whidi  is  Ilt(^ 
vMitdwiili  levelling 
screws,  so  that  the 
[ibnc  of  ttitf  eoitt 
can  lie  uljiiucd  until  it  is  truly  wilic-il.  At  the  curanton 
irvntre  ul  ilic  ciidtr*  ilwrc  U  riskily  iupjioncd  the  liox,  M, 
containing  the  MUjicndcd  minor,  nith  ihc  little  magnets  at 
its  liack,  as  in  tlic  ordinary  rcAccling  galvanotneten.  Hie 
miirot  aiMl  niii^nei^  iiri:  MiKfH'niled  l>y  a  \<»it^  fibre,  which 
hant;^  dowii  from  ibc  screw,  i,  at  ihi-  top  of  tbc  tube.  'Vhc 
n>ovxriiKiit8  of  the  minor  and  its  magnets  arc  obnened  in 
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tlic  iisuni  way.  with  cillu-r  telcscoiic  or  lumii  nn<l  sralc. 
Tlw  Lontrolling;  AeUl  UKii.-ilIy  cin|il<>>'i-(I  i«  llinl  of  the  wrih 
and  ilic  strongtU  of  ihis  ftcld  ha>  to  W  determined  cjirc- 
fully  hy  indciii^rMlitit  cyiiciimcnls. 

Id  ti'iii)^  ihc  insliiimcnt  il  iiiti&t  tirsi  be  sel  s<>  lh:il  ihc 
plunc  of  ih«  ring,  rr,  \in  in  tlic  rongii«li(:  meridian.  It 
»)i(>iild  then  tie  i^arefully  Icv-etled  until  ttie  tittle  ma^>ct  and 
mirror  lie  at  (fic  cciilfc  of  tlic  laij^i-  drclc.  If  iIk-sc  adjii^i 
mcnts  arc  rarL-fully  m^dc,  wc  know  thai  llic  lines  ul  foTi:e  at 
the  needle,  due  to  a  curreni  in  tlic  coil,  wilt  Iw  ttl  rigfil  anklet 
Id  iJie  lines  of  fora;  of  llic  Cftrlli'«  field.  Wlitn  lliis  is  the 
rase,  the  conditions  for  the  lanfitnl  /-iw  Tcfi-rretl  to  liclow, 
nnd  from  wliich  the  iiiKtriimcnt  takes  tls  name,  arc  fuirilled. 

^Vlien  llic  instrument  i«  properly  ronstnicti.-d  and  ad- 
jitMc«I  ttie  cakubtion  of  the  currinl  ttut  will  produce  a 
particular  deflection  is  very  simple.  Thus,  if  C  he  ihe 
current  lu  the  ring,  in  amiKTcs.  and  r  the  radiiw  of  the 
ri;^,  meaKured  in  centime  tret,  n-c  know  that  tlie  length  ol 
the  rii»g  is  1  «■  ^  (where  "■=^•142),  and  that  the  strength 
of  the  ntflgnctic  field  at  the  centre  is 

*"  lor"  ~  5r  " 

If  now  H  Ik:  Ihc  a&caL-iincd  strcr^h  of  the  earth's 
controlling  field,  the  needle  will  take  up  such  a  position 
that  the  UtHgrnl  pf  the  ung/f  of  dtUci  lion  (A)  is  c<|unl  to 
the  ratio  of  the  stieiijilht  of  these  two  ficldjL  I'hus  we 
have 


whence 


=  tan  .\, 


For  a  given  angubr  dcHcctton,  A,  all  the  quantities  on 
the  right-band  side  of  this  tast  e<)natiuti  are  known,  uihI, 
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lh«refrirc.  the  cuTfciir,  C,  thai  will  )>roducc  thai  (k-llciiion 
cjn  he  c;i1ciilalcd  Thus  if  rr  tie  50  ocMitneit^s  (iihuiit 
JO  imhcs)  in  di^tmctcr,  Ibc  current  re<|uireil  10  (irodwre 
a  dcllertiiin  of  45'  in  lx>ndon  will  be  vcty  nearly 
cf)unl  10  7-16  am(t<>re!t.  A  nYi^ht  cum-ctkin  mutt  lie 
iniroduccd,  l>erjitise  of  the  Miialt  ^;i  in  the  dnlc  at  the 
lowest  pan. 

Tlic  sciisitivcnesE  of  the  tangent  gakanoinetcr  may  be 
inflated  hy  r«|ilari)ig  the  riingle  (Conducting  lini;  of  iitdal 
1>>'  lewr.-))  itiTii.s  of  iviie  wouitd  in  n  gioovc.  And  diiiiiiii^iing 
the  diamclM  nf  llic  toil. 

For  a  first  a|>|troxim3tion.  the  formula  already  given 
for  the  ciirn-ttt,  C,  iliai  will  |>rridiM-e  a  dvf1«rlju«  A  in  this 
(tulviinriim-tuT  ma)  lie  tiwd ;  but  r  niUKi  Iw  ihi-  iii*an  or 
nvcragi-  inifiiiK  of  nil  the  lums,  and  ihc  ri^lil  Ipnd  Niik 
must  Iw  dividitl  I>y  w,  the  luliil  niimber  of  (urns  in  the  coiL 
For  exact  u.mitanl  work,  coireciioiu  must  lie  niaile  for  lite 
di^pbi^mciit  of  Nomc  of  the  turns  from  iW  |rlai>e  amisun 
iiig  ihc  ccntfc  of  ihc  magnet :  bwl  into  llic  details  of  these 
wc  need  noi  ciiUt.  'Ihi:  |ioint  to  notice  is.  thai  though 
we  ){ain  scitKititencsit.  nv  also  coiii{>lt4\-ite  t]»e  cali'tilaiions 
required  forcsan  work. 

All  these  galvanometer^  as  their  name  inijilies,  follow  a 
/rt«^«/ /<(«•  -that  is,  Ihc  cunentK  -ire  mH  |>ro|Kirtioital  to 
(tie  angnlar  <lcl!cctinns  tlie]  prixltice.  I>iil  to  the  tans^ntt 
0/  ikt  angUt.  If,  therefore,  the  scales  arc  (^aduaied  in 
ordinar)'  degrees,  a  tabic  of  Inngents  must  be  used  10  obtain 
Ihc  relative  v-alucs  of  the  various  deflcctiotu.  It  is  thus 
more  convenient  to  At  onoc  niaik  the  seale  with  niimbcts 
p(0|iotttnn.-il  In  lite  lan^'nU  of  lUe  varimi^  .-injtleH,  instead  tif 
nuickm^  \\v:  anijlex  iboiiiM'lvett ;  this  scule  will  then  at  unee 
({ive  the  (elative  values  of  ihe  currents  Wftiicb  produce  the 
dilferent  delleclions.  Such  a  ^eale  is  rci»e»enied  in  Ihc 
lower  Italf  of  Fig.  198,  which  is  a  cop)-  of  lh«  itntes  oAeii 
m|i[)lied   with   lanjieni  jpilvanamelen.    11ic  nitmbcn  on 
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this  lovrrr  linK  aK  directly  i>r»|iorlioiial  to  the  curri;iiis 
whii'h  will  |irO(Iiir<-  tbe  vaiions  iltflfilioiit  The  ujj|>fr 
«eini<'ifc1c  is  {>nidii.')tc(l  in  ordinaiy  desioes.  so  that  ilic 
oliscrvcr  may  um  cilhw  ihc  complic^iicd  or  Minplc  meihod 
of  oljscivalion. 

The  galvannmclers  Juitt  dcuctitted  tLii  tlan^itrd  insiru- 
tiKiiis  in  the  st>icie>t  senM!  o(  tlic  wford,  in  that  Ihc  current 
l<[>Mlu<.'in^  a  jiivcn  dcflcaion  can  lie  calciil.ilcd  when  ihc 
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deiaiU  of  construction  arc  known.  The  lem,  however,  is 
sometimes  applied  to  insinimcnts  in  which  tlic  current 
cannot  be  50  calculated  beforehand,  but  wh'U  (alibralion 
ii  Hot  liaiit  la  e/utnge :  that  is,  instruments  in  which  the 
saino  current  may  tcxnonalily  lie  e\pe<-t(;<)  oHivtyt  to  pio- 
ducc  ilic  same  elTect.  On  iliesc  inslruinenls  Ihc  efntmlfiH); 
/tvre  IS  usually  n"nm-jt;>i(lii:  The  Siemens'  ICIcctro-dynamo- 
nwtcr,  akea^ly  described  (page  365).  is  of  this  type,  since, 
witli  ino<lcTate  care,  the  coniiullinK  force  of  the  cylindric 
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s|Hnil  ^iiriiig  Hhoul<l  remain  ti»<')unf;cil  for  nuiiiy  ynrt,  n. 
ihtf  intcrjctini;  cuils  ^Iwiiyi  havt  the  samr  leUlivc  |iomIw«i. 
Tn  .Tiioihor  tyjic  hi-litng  ihi-  socillcd  fHrrtnt  uvi/^htrt^ 
ill  which  llic  nllmritonx  of  n>axinl  coils  aie  Imlanccd 
agnintt  a  gravitaiioii  force.  'I'hwe  ifiHtnnm-nt*  have  re- 
ccnil)'  tiecn  l)riiui;lu  in  gical  |>crfcc(iun  by  l-onl  Kelvin, 
will)  luia  sticcc»fu%  ovcrconM  luimcrou!)  |irtctical  difTioiliks 
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in  llifir  conHlriK-ttfin.  The  mcilnxi  waai  also  tnifJoywI' 
liy  Lord  Raylcigh  in  1884,  in  his  clas§kal  research  on 
" 'ITk'  KlctlroChcniical  Equivalent  of  Silver."  *  Tlw 
principle  U  itluslratcd  diJigmnmiaDcall)*  in  \"\%,.  199.  A  coil 
of  win;,  II  (sliottn  in  Mciioii),  is  siiifKinded  fioiu  the  beam  of 
a  h.ilancc  so  thai  the  i>lancs  of  th«  »indings  aic  horizonta 
Another  roil,  A,  '%*,  |>l,'U-i:d  l>i-(ow  it  on  a  hori'onul  tnlilc,  at 
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so  that  ihi-  axn  of  Ihc  two  cnilf;  coincide.  ConnrctioiiK  are 
.irntngeil  t>y  wtiirli  ihr  ciirri'iil  tu  In-  m  cash  red,  dr  uvig^tJ, 
can  \>e  |iasM.-il  llii»U};li  (tic  liv<>  t^oiU  I'IihtmI  m  ■.lth.-s.  and 
Ihc  fipitc  also  shon-s  a  comnniiJKtr,  by  which  tlic  lurfcnl 
c»n  lie  rcvcricd  in  u  utiboiii  lis  dirvciion  bcinii!  altcn-d  in  A. 
The  wires  l)y  whi<;h  ihi;  ctiirint  iv  ltd  l«  nod  frum  rt  are 
pbcrd  Ml  Ox  to  disturl)  rho  ;i<  tiim  iil  ihtr  Kilaiirc  :i^  ItIiIl-  an 
(Kisublc :  ihc  coil,  n,  is  romiUTltaLiiiccd  by  wcii^lii.-v  in  liit- 
0[i|KHiit<:scale-|»n,and  ils|K>8itioni!ta«;curitcly  noU-d  ln-forc 
any  nirrenU  an-  iKiMcd  through.  On  iwwnj;  the  (iiirvni. 
the  coils  dllwr  mutiull)  .itlnirt  or  miuiidly  rc|H.-1  on« 
nnothct ;  if  ihc  currents  in  the  two  coils  are  bodi  in  the 
tame  direction— r.jf.,  l)odi  clockwise,  as  sctn  from  above- 
there  it  attraction ;  whvrcait  if  th(^y  arc  in  o|i|H>Niic  dircctionn 
there  is  rcjHilston.  The  forces  tliuit  bKiiiglil  into  jilay  are 
coiini<;rti,ilamxd  by  altering  the  weights  in  ihc  «.ilc-j>an 
until  the  Kus|H.*ndv<l  cod  returns  to  iLs  original  [losilion  ;  or. 
belief  still,  balance  h  first  obtained  when  the  cuircnta  are 
iv|K-!ling,  and  Ihcii  i>y  means  ol  the  <  ommtitator  the  current 
in  <i  is  altered,  «>  thai  ihe  n'(Hilsion  liccoineA  .in  atlt^iclinn, 
and  Ute  addition.'il  wei^hu  m-ee^aiy  to  resloie  eiitiilil>riuiii 
and  bring  a  l»ck  u>  its  zero  jiosiuon  aif  added.  These 
weight^  mcisitre  the  form  a<*ting  between  the  two  cuils 
whidi,  ill  their  turn,  are  itmitly  |ir(>|i(inioiuI  lo  the  currents 
in  each,  and  thus  these  cuticnls  arc,  as  it  were,  itfigAeJ; 
hence  (he  name  given  to  the  inslrunienl.  In  actti.-tl  tise, 
another  coil,  Kiniilar  lo  A,  is  placed  altove  n  in  a  xyinnietri- 
eal  |M»iti(in,  anil  the  current  is  also  sent  ihtoiifih  it  in  such 
a  direction  that  il  tends  to  rc-cnforce  the  action  of  .A,  and 
thus  the  cITecl,  being  increased,  can  be  ntore  anrumidy 
Ricanircd.  This  coil  has  beei]  omitted  in  the  bpxxt:  for  the 
sake  of  clearness. 

\Vhcn  the  coils  arc  not  too  small  or  too  close  together, 
Ihc  uirrcni  that  sets  up  the  nK-aMired  force  between  the 
coib  on  l)v  calculated  from  lite  details  of  cijnntnictiun  and 
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tl>c  rekliw  posiliou.  Ii  was  in  iliis  way  ihnt  l-ortl  RnyldnK 
lucd  Ihc  insiruincnt  as  a  stundani  for  tltc  alisotiitc  mcjistire- 
mcnt  or  currcntt. 

In  I^)til  Kolvin'*  modifi^itltoii  the  ccitis  ate  biiiiiiilil  irry- 
imi<;!i  cloicr  together,  in  order  \o  iiicrcatt-  ihc  ieiiiitivcnesa  ;  i 
llic  currents  can  then  be  no  longer  calctilatetl  from  the 
ubsetnitions,  bul  ttu;  instrument  l)c1ong-i  lo  Ihc  uamJ  class 
or  itantUril  inKlrumvntx  referred  to  altovc  Itlstnsdein 
several  wnya,  lu  suit  diflereni  nxi^Ct  of  current.  The  lur- 
ticutar  one  shown  in  l-ig.  aoo  is  knonn  as  tlie  ceDltamperc 
balance,  and  incasitres  ninrnis  murine  from  ,{«  tn  |  uf 
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an  am)i^re.  There  is  a  coJI  .itUched  to  rath  md  of  Ihc 
iLilancu  nrni,  winch  is,  ai  course,  movuhlc,  and  each  uf 
these  coils  is  ]>laocd  nikln-.-iy  liclwccn  and  co-avial  with 
two  fixed  roils  so  tlut  there  are  kix  coils  in  nil  |>laccd 
electricall}-  in  series  wiUi  oitc  another.  'I'he  ekcviral  con- 
nections arc  sitch  that  when  the  ctirrcniH  in  the  {\w\  mils 
on  the  left  cause  die  coil  bctuecn  thent  to  tend  to  move 
upwards,  llie  tiirrents  in  the  tighl-lwind  coiU  tend  to  move 
the  coil  lietneen  tlieni  dowiiwanU,  «o  th^i  boili  effects  tend 
lo  route  the  ami  of  llw  lualntice  in  tlie  same  direction. 
Tho  axle  of  tlw  Ix-iLincc  can  Ik  seen  in  the  centre  of  die 
Bgure,  and  alM>  the  numerous  fine  wires  by  which  the 
ciirreni  is  cunveyetl  between  U>c  fixed  and  moraUe  juirtB. 
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At  thi.'  front  ihc  coiU  and  axle  arc  ntiaclicd  to  rlic  bar  on 
which  tlic  tower  of  the  two  scale*  is  engravci!,  atwl  al  ilie 
ri}jhl  luntl  rml  \i\K  \>at  c.irrict  a  [ii.)iitk'r  uhicli  moves  over 
a,  »hoTt  vcrti(!iil  miuIo,  aitd  indicati-s  when  tlie  Uilmicc  is 
in  equilibrium.  When  curri-nts  ak  flowing  lliroti^h,  tbe 
beam  i*  brought  lo  llic  /cm  iiosilion  liy  iniiviii)j  ;itong  it 
the  littk-  travelling  cirriaiie.  tinlil  ils  tvcti;ht  aixl  Icvetaf^ 
counterlutaiice  the  ekiiro  in.iKnelic  force;!.  Wliei)  in  use, 
the  balance  is  cov-ered  with  a  si|uarc  (jlass  case,  and  the  little 
eatringc  is  moved  backwards  and  forwards  by  nieiuis  of  n 
*clf-rf!oa*iiig  pendant  hanging'  from  a  hook,  e.irried  by  the 
sliding  itlnlfurm,  which  is  worked  by  the  silk  coids  fioin  the 
outside.  The  position  of  ihc  earriagc  is  indicated  on  the 
fjc.itn  by  a  potntcr  attached  tu  it,  and  from  this  jxtstlion, 
when  (;<|uilibritim  is  aiLiincd.  Ilic  current  15  kiiowu.  By 
piittint;  ditferciit  known  weights  on  the  iDovable  carriage, 
the  range  of  the  instrument  can  be  varied, 

Use  of  Gahanomtkn. 

Before  we  leave  this  part  of  the  subject,  we  may  de\-otc 
K  line  or  two  to  a  point  which  is  ofun  cxtri-nidy  pulling 
to  ainateun  when  they  fic^t  l>egii]  lu  meiistire  currentN  with 
galvanometers.  In  speaking  of  the  scnsitiveiK-ss  of  ;i  j-alvs- 
nonictcr,  thai  insirumcni  is,  of  course,  considered  llie  most 
«enxilive  Oial  gives  the  greate:it  indication  with  the  smallest 
current.  But  when  one  h;is  to  use  a  galvanunieter  under 
given  cimimsiances,  one  must  remember  that  the  inlro- 
duetion  of  a  galvanonteli-r  into  a  <  irniit  increases  the  resist, 
anceof  the  eiituil,  and,  I  lit:  re  fore,  by  Olun'a  l.aw,  diminishes 
the  current.  'nKmostscnsiiit-eijalt-anomcters  that  we  have 
dcMrilx-d  liavc  rer)-  high  icsisLiiiccs  amounting  to  len.s, 
and  KunKliincf  to  )itin<hi.-ds  of  ihuU)Hinits  of  ohms.  Sup- 
pose now  we  have  a  circuit  of  a  few  ohms  resiiUmv,  and 
wc  wish  to  measure  the  cunent  in  it  by  means  of  a  g4lra- 
noroetcr:   if  we  were   to  introduce    into  the   circuit  a 
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gnlvDRometer  of  10,000  ohms  rcMNlnntc,  nc  would  cut 
dimii  tlK'  ciiircnt  lo  nlMmi  one  kntliouMiKllti  nf  iu  Conner 
VJliic,  ai)(l  would  no4  bt-  incjsurin^  llirj  r<>iinct  viiluv  .11  nil. 
lUil  il"  our  y.ilv.'iiK>ini-tcr  lias  a  rn-sistainc  of  only  a.  rnKitiun 
of  3,n  ohm,  ihv  ctTo't  on  Itic  cunvnl  whcii  it  is  inumluccd 
inlu  tlie  circuit  may  be  <4Utte  ne(i;li){il)k',  and  we  shall 
lie  able  to  measure  very  a{i])roxiinately  tlic  original 
current. 

A  similnr  case  occurs  in  the  use  of  thcrniomclcrs.  Any 
col<3  tlK-riiiom«(cT  introduced  into  a  hot  It<]uid  lo  ineuurc 
its  [cin])t.-ratvire  mint,  of  course,  cool  the  liquid.  If  iliv 
ma^s  <>f  thu'  ihcriiiomctcr  be  small  compared  with  llic  masa 
of  ttic  li<iui(l,  the  cooling  is  inflj)|irc<-iab!v,  and  wc  obtain 
very  approximuiely  the  tonipi^ralurc  of  ilw  liquid  before  thi: 
(hcmiumclcr  was  tmroductd  But  if  the  mnA  at  the 
therinoinctcr  bulb  be  much  grcuk-r  tlian  ihc  maw  of  ilic  hot 
liciutd,  siicli  as  would  be  tlie  case  if  a  cold  bulb  two  inches 
in  dianiclei  were  introduced  into  some  hot  littuid  in  a 
teacup,  (lie  introduaion  of  the  (bcrinomcter  so  lowws 
the  tcni|icniiurc  of  the  liquid  lliat  (he  final  tem]icniiiirc 
given  by  tbe  iiuinitnent  only  enablen  uh  to  guess  very 
vaguely,  and  by  calcubuton,  at  the  value  of  the  ot^inal 
tcniiH-T.iUirc. 

X\'c  iii.iy  even  go  a  sic)!  further,  and  cnuiMrtaic  (l»o 
a|i|xnreni  |Kira<lu\  that  for  Huine  kiiwh  of  work  a  galvaiiU' 
meter  wound  with  a  few  turns  of  thick  wire  is  mora 
sensitii-c  than  one  wound  with  many  turns  of  finv  wire, 
though  the  former  mnnol  dt'te<i  sn  small  a  currcni  a.f  ihe 
Ultcr.  The  |i.iradox  is  ex|il;unL-<!  Ii>*  tuiretully  consitteiing 
the  a|>plicat»on  od*  Ohm's  IJiw  to  U»e  im>  caaes.  A  little 
ihou^hl  will  show  (hat.  ollief  things  being  etjual,  a  low 
resist.inr<'  galv;inont«t<'r  will  be  most  seiuiiivi-  tor  circuits 
of  low  rc^ixlance,  and  a  high  resistance  galv.inoincli.-t  for 
■  hose  of  high  rcstsian<'e.  In  the  foniit:r  iIil-  ciirreni  wouhl 
be  monnoudy  reduced  by  inlroditcing  the  high  resistanoe 


■ 


I 


1/&E  Of  GALl-AfiOM^rSRS. 


383 


galvanometer,  no  that  what  would  Im;  xaincil  in  tensilivem^Hs 
wdulil  hf  loii  in  I'lirrcni.  But  iii  high  u-aisUiiitc  circuits 
tliu  lurrcnt  \f.  already  stiull,  by  ica^on  of  the  higlt  rc^i^iancc, 
.-iii<l  ihcrelbn-  a  ^ilvjiminiclvr  of  mxny  turns  uf  wrire,  and 
on  thst  accuuiil  of  hi^li  rt.-suun<:e,  in  rL-<|iiired  to  delect  its 
|irtf<encc.  liy  the  |irovi>o,  "  other  thinfp>  beini;  equal,"  we 
mean  thai  ihc  two  f^lvanoinelcrs  compared  a*e  of  the 
sante  jiaitcrn  and  Eixc,  and  with  ihe  same  structural  details, 
«nd  tliat  Ihc  oidy  dilTerena-  lietwix-n  ihein  is  in  tht:  length 
and  thicltnesi  of  wire  wx>und  on  lh«ir  euil-s. 


THKkMAt,    MlOTIIOIIS. 

'Ilie  i»n<;t  nieaiiircntcntK  uf  elix'tric  lurrvDU  liy  means 
of  liivir  ihcmul  effects  involves  a  tlioroiigh  knowledge  vX, 
and  (jractical  acquaintance  willi,  ihc  laws  uf  heal  to  a  greater 
extent  t1i;in  a  knowledge  of  the  Uwx  of  the  nirretiL  It 
would,  thertfore,  l«id  us  too  far  away  from  our  iiiiiiicdiate 
subject  if  wc  were  to  descrilic  in  detail  all  the  precautions 
and  devices  that  must  be  used  to  obtain  »n  accurntc 
measurement  of  ihc  value  of  a  cunnil  t>y  these  means. 
There  are,  however,  tnNtrunienis  which  u*e  for  [wiposes 
of  tnrasurcment  ^oine  secondary  he.it  elTeet,  alllraugh  they 
dii  nii(  measure  currents  by  the  aciii;;!  qiunlity  of  heat 
generattrd  in  a  known  lesiKlaiice  in  a  given  lime.  The 
particular  effect  made  use  of  i<t  usually  the  cxjunsion  of  a 
flexilile  wire,  caused  by  the  heat  generated  in  it  by  the 
cledrk  current.  As  the  wire  has  to  lie  llexilile,  it  is  necc^ 
sarily  a  line  wire,  and  hemv  the  cuiienis  used  arc  much 
smaller  lUan  iboic  employed  in  hiMV)'  electrical  vn^jinecring. 
The  in-idumcnts  are,  therefore,  u^ua11y  enipl<i>vd  tw>t  to 
uieaMiie  the  current  pot-ting  through,  hut  the  prcteuie  at 
the  icrminaU,  by  a  metlKxl  10  be  described  presently. 
These  instrutncnii  «i1l.  therefore,  he  more  appropriately 
dcMTibcd  in  the  next  scctioa 
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(c).— Eleolro-motlve  Fopoe. 

Wc  [ui.tK  oil  nun-  to  conkidn  vcfy  Uik-fly  bou'  iht* 
elvclrit-moiivi:  furtt-  (MM.F),  or  lulul  clctlric  j>ri-ssmi: 
in  a  circuit,  may  l»c  numerically  expressed  ami  tm-oniri-d. 
In  (loin^  this,  wc  sliatl  describe  inciOcntally,  \i  i>oi  <litctly, 
the  method*  tty  which  tlie  electric  putcntuit  diRcrcni'c 
(IM).),  or  electric  prc&^uri:  lictwccii  any  iww  juirts  of  n 
current-carrying  conductor,  is  tested.  It  is  this  latUt  I'.  D. 
which  is  of  the  greatest  iinponancc  to  the  itscr  Of  ihe 
curreJit,  Tht;  TiiU  E.M.F.  can  be  vsliitutcil  from  it  when 
all  tlic  (lula  concerning  [he  various  drcuils  arc  kntiirn, 
but  this  E.M.1-'.  is  not  always  in  iisclf  cjipablc  of  direct 
■neasuR-ment,  because  in  many  cx^cs,  notaMy  with  Oynxnio 
machiiien,  the  MO[>]U)j;c  of  the  current  in  or<ler  to  allow  the 
full  (treasure  to  l>ccome  manirest  !io  completely  alters  the 
conditions  of  production  as  to  make  tltc  measurement  of 
no  value.  E^'cn  with  ballerics,  as  wc  have  seen  {\ap:  44X 
the  available  wwking  E.M.I-',  is,  on  accoimt  of  |Milirisation, 
not  as  grvai  a.i  the  iiru-vMiic  Wtw<-en  the  letminals  on 
o|>cn  circuit  when  the  baltety  has  been  lying  idle  fur 
M>mv  lime. 

One  of  the  n>usl  usual  ways  of  nicasurii^  tlic  P.D.  be- 
tween t"o  |Hiinis  in  a  circuit  in  which  ;i  current  is  flowing 
is  to  make  use  of  the  tict  lliat,  according  to  Ohm'x  Law, 
the  I'.U.  will  send  »  cvilain  current  through  a  fixed  rt:- 
MKiaiice:  If,  then,  tlit.«  fixed  resistance  in<:hMles  a  ^Ivauo-j 
meter  which  is  aijnble  ol  measiiHiig  the  current  passia| 
through  it.  the  product  of  this  cuircni  iCl  liy  the  fi«c<l 
resisUntc  (R)  will  give  ns  the  P.O.  (V=OBX  whfcl 
causes  the  current  Now,  as  this  nieasiircment  iiiu^  be  made 
without  3to(>pin);  llif  flow  of  iht-  current  in  ihc  origir 
circuit  (for  i1k-  !>tup{nige  might,  and  usually  nuukj,  alter  all 
the  condition*),  it  is  evident  that  the  galvanometer,  «itli  its 
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lixcd   rr&isiai)c<.-,   niu§l   be  bi  a  uliiuil'  or  |»irAtlel  ciicuit 
bctncc-n  llic  iioiitis  undt-r  (oiiSKlcrjitiun. 

'Hie  princiifli;  ui  iiv^  iiiclhiiil  niil  lie  hetltr  understood 
by  rd'ercitce  to  Fig.  aoi.  The  up[>cr  lurt  of  Ibc  figure 
rc|ircs<:nts  tlic  gciinal  nKc;  a  ctirrent  iiiaiiitnincd  by  m>iii<; 
etcclric  generator,  nm  nhown  in  Uw  fi>!0»e,  is  DowiiiK  fiom 
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wig.  ML— Mimuiimrnl  olfnirninl  Ititrtimtr. 

X  toy,  and  il  is  n.-<|iiia-d  to  mwu-iitc  tlw  jiuicnlial  diflerencc 
bclwcvn  two  |x>ini^  A  Aaii  It,  un  the  conductors.  'I'o  du 
this,  a  bnineh  circuit,  A  V  O  B,  is  ananged,  consisting  of 
a  galvanometer,  V  G,  of  known  rc:histnnci%  .ind  if  n(-i:e>*aty, 
nn  additional  knnnit  rc^^iancc,  r.  If  the  (;alva  no  meter  i» 
a.  Jircei-reaJinx  inslmntenl,  showing  at  once  the  number  of 

'  Thb  pbiuc  11  hllf  explained  U  p«ee  i9$,  st  ««ll  ai  !a  wlinl 
rotlom. 
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am\AK^  or  ihv  rrAclion  o(  an  ampere  that  is  |uixKing 
lhrriu);h  ii,  then  the  i>TrHlii('t  of  this  current  Uy  ihc  loial 
roisuiicc  of  Ihc  hriiieh  A  \'  ('.  It  will  give  ttio  P.IX  be- 
tween i\  .till!  it  a/  Ihf  mfimtnt  Ihf  tfuitiuremtnl  li  mtiiie. 

Tlic  liiwtr  |«rl  of  Ihc  figure  is  inlGntlccI  to  rcjwcscni 
(li4t(ntminalirj)ly  Ihe  mcJisureincni  of  tite  P,I>.,  at  whidt 
c'lineiil  rs  su|)|tliLil  10  a  houM^  froin  )nih1itr  xu|>|)1y  iimins  in 
thf  sirei^l.  A  A  iiiiil  ^' B  lire  resiieciivcly  the  (tcKtilivc  (  +  ) 
and  negative  ( - )  m.iins  of  ihc  supply  com|uny.  Al  A 
nix)  B,  the  +  and  ~  hoiite  mains  A  ('  and  II  1>  arc 
atlnchcd.  The  current  enters  ihe  house  nt  A  (iimI  leaves  at 
II,  and  find*  its  vny  itfym  A  C  to  R  D  itiroogh  the  1iimp«,  ^ 
motors,  nnd  v.irioiis  appliances  in  ihc  house ;  one  of  these 
if  xho«*n  nt  a,  and  we  nie  iwt  now  com^cmcd  with  their 
number  or  pur[)osc3.'  Tltc  quwion  b  lo  measure  the  IM). 
between  A  and  It.  as  thit  is  one  of  ihc  factors  of  the  elcaric 
energy  delivered  to  tlic  house.  \Vc  |>rocecd  in  ciacily  the 
s^nie  u-ny  at  in  the  general  caite.  A  gnlvnnonieler,  V  G, 
with  an  additional  resiMance,  r,  if  nixc^sniy,  ts  joined  up  lo 
A  and  It.  and  the  current  pnssing  through  this  branch 
circuit  tnca.tured.  '['he  ]>rodiKl  of  this  current  by  the 
known  rMisInnce  of  tlie  branch  A  V  O  B,  will  be  the  F.U, 
between  A  and  B. 

A  siinplificaiiofl  of  the  process  at  once  niggests  itself. 
If  the  same  additional  known  resistance,  r,  l>c  always  used 
with  the  tame  galvanometer,  V  G,  or,  better  Klill,  if  the  rc- 
stKianrc  of  the  galvanometer  itself  be  sitilTiciently  great  to 
render  this  additional  resistance  unnecessary,  the /ami"  P.D. 
wilt  always  produce  the  firwr  d(fi<clii>n  of  the  galvanometer. 
Therefore,  instead  of  marking  the  .fcale  of  the  galvanometer 
in  amperes,  it  may  Iw  nt  oi>ce  marked  in  rwte,  and  the 
instrument  may  titcn  be  called  a  VolimtUr  Gahan»mtttrt 

'  Tlie  loop  al  *  i>  CM  «(  ihe  ecoivcntloMl  wayf  of  iniUcatiec  ihU 
ihc  oonilBciM  B  D  etosM*  ibe  condnetxir  xS  wUhcal  nuking 
electric*!  ooniMi  with  ii. 
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or,  initrv  briefly,  11  Voltmeter.     Such  inMrunu-nts  .irv  now 
iiinniir:i('liin.il  in  istn\-  iiiiiul'C'nt. 

Iti'rori;  prtitccititig  furtlicr,  wc  niny  as  well  ^Wc  tierc  a 
fdriiwl  (k-liniliim  of  ihc  ^-oll.  TWi-  Volt  /(  /A'  Pultntini 
Difftrenff  that  mutt  bf  ttotJiJy  "uiiilninnl  fytteten  the  tnJt 
of  4  mtliiUk  (i'Hi/ueti'r  n)  one  Ohm  rtiiU,\Hce  in  oi-drr  that 
Iht  sifajy  (urrral  /fi-!iiii>x  Ihtmif^ii  it  may  ht  ODQ  ampere  ' 

Wc  have  now  li>  cxi)!.!!!)  wli)  it  is  nWcssat),  in  iiiwsiir*;- 
ing  Ihc  1M>.  knwecn  A  .iimI  li  (Fig.  201),  lo  use  a  ULgli 
rvsiMancc  in  ilie  l>ninrh  circuit  A  VO  W.  One  of  the  firit 
conditions  of  the  »:icntific  and  accurate  nieamicinvnt  of 
any  phyMcil  qii.inttiy  is  that  tlic  meihod  cn)|>loyc<l  Khali 
not  alter  \\\v.  inagnitudv  of  the  ((iinntily  In  he  measured. 
We  luvc  already  ttnell  M\vm  this  condition,  and  illustrated 
it  when  speaking  (page  3S1)  of  the  "Uscof  Gnlv.itiomctcrs." 
But  in  measuring  jK>tenlial  dilTeTen^e^  imlirv<:lly  1>)'  volt- 
inetcis,  (he  oecessiiy  of  tieariiij;  this  limitation  in  mind  is 
of  even  gneaier  iniportanrc  than  in  using  galv.inomcicn  lo 
mc.iMire  cuircnis  directly.  Kclurning  to  I'lg,  io>,  nhal  i« 
the  effect  <rf  jxitling  on  th«  l>rjncii  circuit  A  V  ('.  H  ?  riiis 
in  crcal  measure  depends  en  the  conditions  of  su[ii>ly. 

Take  first  the  simple  case  of  a  battery  of  (jon»lanl 
K.M.F-  being  uxil  .is  an  elcclric  generator.  The  te^iMincc 
ticiwecn  A  and  il  \a  tbe»  nnly  a  part  of  ibc  resistance  of  iho 
circuit;  but  the  addition  of  the  branch  AVCB  reduces 
ipiJe  )uigc  a88)  tbc  resistance  between  A  and  H,  and  tticie- 
fore  itwTKiics  the  towl  rurrcnl  drawn  from  llie  b.itlcry.  Of 
this  iitcre;Lsed  cuinait,  howiiver,  |iart  only  [{oes  along  the 
main  branch,  A  C  B,  and  the  remainder  along  .\  V  ti  B,  and 
it  is  easy  to  shun  that  as  long  as  A  C  B  is  not  tlu  only  re- 
sistance in  circtiit,  the  current  nuw  going  along  A  C  U  is 
Uis  than  it  K-af  bc/vrt  the  brancharcuit  ttoi  aJJrd.  Tlicre- 
(brc  the  P.  D.  used  to  maintain  this  ctirrcfit  in  A  C  B  is  less, 

'  li  11  ksiutBal  it«i  tbcn  i*  no  90«m  of  U.M.F.  inibeixniitaeioi. 
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and  t>ic  inelhod  oi  iiiciiiUfVDiciit  has  alicrcd  the  thing  la 
lie  int-nsurcd.  Bui  s  tilllc  rvflcdion  will  show  tlul  llie 
XTTit/iT  thf  rfiiiUiitf  of  Ihe  Iwanfii -circuit  the  itu  is  the 
ditturl-attit.  Thus  i(  the  (■.-«><'Uinix  of  A  V<r  It  tx-nhundrt^U 
liinex  tlic  ro^iMam  (•  of  A  C  B,  tlie  putttnj;  on  of  this  liraiH'h 
will  diiTiini.ih  ihv  rfMsiiinr«  beln-ecn  A  .in<)  B  .ilniut  oiie  imt 
cent.  :  the  total  current  will  therefore  l>c  ioctfci*t<l  less  ili.m 
one  |»cr  tvni.,  and  as  ninct)f-nin«  i>cr  ctni.  of  this  runcnt 
^ix-<  thiuugh  AC  Br  the  current  therein  and  the  P.U.of 
A  unil  11  will  l>e  diiniiiishnl  Ichk  (liJin  one  per  cent.  'I'hix 
may  Ijc  accurate  enough  for  most  piir]K»c&,  but  if  greater 
nccuTAcy  t>c  re<|iiircd,  the  resixtancc  of  Ihe  t)ranc)i  A  V  ti  II 
inuat  he  made  1,000  or  10,000  times  thai  ai  the  main 
A  C  B,  and  a  niore  sensitive  plmnoinelcr  itsed  ;  the  error 
will  ihcn  \k  reduced  lo  ont'-icmh  01  onchiinilroilh  of  one 
j.>cr  cent.  As  swi ri I i^x; galvanometers  are,  (attris  f^tritnt,  of 
high  lesiftlance,  ihey  easily  Ailfil  the  condition. 

Suppose  next  that  the  conditions  of  supply  are  such 
that  by  proper  regulating;  devices  the  total  cuTTcnt  xu|^liecl  is 
always  the  Kiine.  When  thU  current  rcat'hci  A  it  nuist  divide 
between  ihe  i>ranchcs  A  C  B  and  j\  V  G  B,  ai>d  iliereforc 
the  current  passing  along  A  C  U  will  Ik  less  than  if  the 
branch  .-V  V  C.  B  were  ik>1  joinwl  on.  Hut  t»y  Ohm's  law 
the  two  part.t  of  Ihe  current  are  in  the  inverte  ratio  uf  the 
Iwo  resistances,  and  therefore  by  inireafitts  '*'  rfsUlanet «/ 
iht  brnHtk  A  V  t;  B,  the  amonnt  of  the  ciinent  drum  off 
along  it  may  lie  mi  ^rnatl  as  to  leave  the  current  in  A  t'  I) 
fraHUa/i'}  unchanged,  and  yet  this  small  ciirrL-ni  niay  lie 
quite  large  enough  to  be  mrasuTed  on  a  sensitive  gajiano- 
meter.  I'or  instaner,  it  may  Iw  only  the  one-millionth  pan 
of  the  current  in  AC  B,  but  for  llm  lo  Ik  the  cam:  the 
resistance  of  the  branch  A  V  ir  B  must  be  rmc  million  times 
thnt  of  the  tiiaiii  A  C  It. 

l.jistly,  supjKMe  Ihe  condition.s  af  suirjily  arv  such  that 
ilie  KlX  of  A  and  B  is  maintained  constant,  iw  muter 
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what  tl>«  letis-Uince  may  be  bclwccn  A  and  II.  'l*his  would 
!k:  iln-  case  in  Ihc  public  supi>ly  sysicin  a' presented  in  tbc 
loHL'T  figtiic.  The  mere  addition  of  branch  circuit  A  V  G  1) 
lietwem  A  arul  H  will  not  now  affect  the  P.D.  to  be 
measuretl,  hut  luioiher  c-onxi<leralit)n  tUII  (Aiim-k  uh  to  put 
as  high  a  rcitistanee  as  ;ici.sMble  in  this  branch  circuit.  For 
a  g.-ilvanoinctcr  «liilst  a  ciitrcnt  is  [wwini;  ihtoiigb  it  uses 
up  vner^jy  by  convening;  it  into  tinav.iibble  but ;  ubo 
wktn  tht  P.l>.  is  fimilant  the  heat  energy  produced  by  a 
current  rwr/V;  tmtnely  a\  Ike  •eiiilarttt.  Now,  wasted 
energy  has  always  to  be  paid  for  in  some  way,  therefore  in 
inakii>g  eleclrkal  measurement i  ire  endeavour  to  use  up  as 
little  enct^y  as  possible.  In  tim  cftse  that  it  acx:onii>1i»hed 
by  usin^  tbc  ureaicsi  |>os*iWc-  lesislancc,  and  therefore  a 
sensitive  g^tlvanomt'ter  in  the  lollnieter  branch. 

'lliuK  in  nil  I'-a.ies  ibat  arise  in  ^w.tclice,  the  voltnietet 
should  lie  a  galvanometer  of  bi};li  resistance,  having;  a  range 
adapted  to  tho  jiaiticut.vr  voltages  to  be  measured. 

Magnetic  Voltmeter  s.— From  what  wc  have  just  said 
it  will  be  ;tpi>arenl  that  any  galvanometer  that  is  niiflicientty 
sensitive  may  be  used  a*  a  vollnieler,  and  therefore  the 
various  instruments  described  in  tbc  last  leetioii  .-ire 
arailable. 

In  pniticubr,  fur  commercial  purposes,  all  the  "  Gal- 
vanometers for  Measurinji;  li.arge  Cunenlx"  can,  by  n  very 
simple  change,  be  convened  into  direct-reading  voltmeters. 
We  have  pointed  out  ihai  as  .inipirenietcfs  their  resistance 
must  iKCCssarily  be  very  low,  and  therefore  their  conduct- 
ii^  coils  consist  of  a  few  ttirn.%  of  stout  or  diick  wire.  If, 
now,  keeping  at)  tbc  magnetic  and  mechanical  details  un- 
altered, we  wind  the  conducting  coil  with  mnny  turns  of  fine 
wite,  we  shall  have  a  bighrcsisiancc  vultmcler  instead  of  a 
low.rctistancc  amjMlremcter.  Then,  irutead  of  graduating 
the  sc.-ile  with  the  ampirres  llowin^j  through,  we  graduate 
it   with  the  voHs  of  poicniialdilfcicnce,  which  ort  being 
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ap)>lle(l  CO  its  [enatiiiih  can  luainuin  the  ctrrcnls  lli.il  |>fO- 
(lijcc  ihc  various  dcriecttoiis.     Wc  thus  luvc  n  dirMrtiaJlHg 

In  l-"i^.  203  wc  yiv,-  an  ouUiilu  lii-w,  slidwin^  ihf  scale 
ol  such  an  imtninivnl.  This  |wrticular  vuliijKlcr  is  in 
every  respect  siiniW  lo  ihe  ammeter  dcscfibcd  on  pigc 
370.  except  that  ii  U  wuimd  wuli  instiy  turns  of  floe  wire 
iiitlvad  or  a  TvA'  itirns  of  thick  wifi-,  nixl  also  \\  hii>  ■!»  sralc 
grattunted  in   voile  uf  [i0tcnti.1l  dilTcietK-e  at  its  lutniinals 

instead  of  m  am|>l-rcs  uf 
Liinenl  (uising  lliruugh  it. 
Ihus  when  Ihc  ittdicntor 
l-(>iiitx  to  70,  we  infer  that 
Uie  V.  I).  Iidwccn  the  binding 
screws  of  the  insimnwtit  it 
70  volts. 

Thermal  Voltmetei^ 
^Akhouj-h  th<-  I  he  I  mat 
effect  of  the  current  docs 
not  lend  itwif  ver)  rt-adilj' 
t(i  the  accurate  incasure- 
Diciit  of  the  Gutrenls  used 
for  clecitk  lighting  and  other 
public  pur^ioses,  n  subsidiary  effect  uf  the  huii  generated 
l«s  been  entployetl  by  Major  Caidew  lu  measure  the 
currenLi  used  in  voltmeters.  The  vaikius  dilTicultici  in  t)ie 
iray  of  itie  pioductian  of  an  accurate  and  reliable  instrutncnl 
have  Imxii  very  ingeniously  overcome,  and  (he  result  is 
the  widely-tueil  und  w<'ll-kii()n-n  Cardewr  Vottiiteier, 

'X\\K  priRctpluuf  the  iiislmment  will,  jierluqct,  be  taexl 
untk-rslood  1^-  referencie  t<)  ihe  dia^ani  in  \"\^.  305.  Sup 
]insc  i.  to  t>c  a  inovabte  pulley,  and  A  C  I)  11  to  be  <t  lonjf 
iron  uiie,  nilh  tK>th  end.s,  A  and  B,  lahlcned  to  the  ceiling, 
and  |as!tii)ft  round  and  su[){ioriiitg  the  {Hitle}*.  I-  The 
))ul1c)'.  Is  by  itK-nns  of  tlie  hook,  K,  >up|K)ttsa  weigh),  ^V, 
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wliiiih  is  jusi  heavy  enough  Ui  ktep  llic  wire  Mrclchcd  wilh- 
oui  overstraining  it,  l-'k-xible  wires,  I'  and  N,  soM«rcd  lo 
A  ;iiii)  II,  can  lie  iix«d  to  mj|i|>Iv  cuncni.  U  now  a  current 
be  |uiitsc(l  from  I*  (u  N,  Oirou^h  the  wire  in  ihc  <lireciion  of 
llic  iirnm-i,  liMit  will  be  generated  in  the  wire,  and  it  will 
^ct  hot.  But  iron  ajid  all 
mci-iU  Oil  land  on  being 
hvju-d,  M\A,  ilKrvfure,  thv 
wire  will  become  lonj^cr,  and 
ttie  ends  being  lixcd,  ihc 
wetglit,  W,  will  drajj  dnwn 
the  [HiDcy,  I.  llius  as  the 
wire  getk  lioltet  and  hotter, 
Ihe  weight,  W,  will  sink  lower 
and  lower,  until  uich  time  as 
tlve  mdiAlion  fnint  the  wire  ix 
equal  to  the  rate  ai  which 
heal  is  generated  in  it  by  the 
current.  The  weight,  W,  will 
then  ruoiain  ttationar)-  a«  \ong 
a«  tiK  current  is  inainiaiited 
steadily.  If  the  cuncnt 
diminishes  Ihc  rate  of  pro- 
duction »i  he^t  tills  I'le  wire 
t:ool»  to  wjtnc  lower  tcm]>crn- 
liin%  corTex)ioiK]in){  to  the 
new  rate  of  production  and 
rMliatioii  of  heal,  and  the 
»«ight,  W,  rises,  by  the 
shoricnifi^  of  the  wire,  to  some  other  lixed  jjosition.  I(, 
im  ibe  otJwr  haiid,  the  rurrent  increa«-s,  the  temperature 
and  Icni^ili  of  the  wire  will  inereaM.-,  and  the  weight  will 
fall  to  some  other  po^•itiol>.  'n>eTefore,  if  the  wire  were 
carel'ully  iwolLtrtcd  from  oiit!>ide  thermal  influences,  a<-cu- 
rale    observniions  of   llic    |>o»ilioii  of  iIk    weight    would 
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enable  \i%  to  cstimaic  riom  proiouG  calibniliuni  Ihc  mii|;ni- 
tude  uf  tlie  niircnt  fiovring  in  ihc  wire,  or  ihe  magnitude  of 
Ilie  r.l>.  botuccn  iu  i^nd.i  A  and  II.  In  the  aclual  insini- 
nicnt  the  wcinhi,  W,  is  rejilacttl  !>)■  a  sUrtchcd  rt(«ing.  aiwl 
t\K  motion  of  the  [>ulley  U  mcchaDically  iiuittnifivd ;  also 
oilK-Tivfin<.Tncnts  ate  introduced,  whkh  will  W  best  under- 
stood froti)  >  bnirr  dcsi  ri|iiioii. 

The  back  or  i\  reteut  form  of  Carde*-'!.  Vollmclef,  with 
the  cover  [unly  removed  to  exhitMl  the  working  [kiUs,  i* 
shown  in  Kig.  304.  The  slrcichcd  wirv,  llir(>U};h  which 
the  cutTviil  |M.tM."(,  is  mudn  of  plnttnum  .silver,  an<t  is 
<yooi$  inch  in  iliniiicier,  anti  about  tj  feet  long.  One 
end  being  fixcil  to  the  stiew,  A.  the  wire  [igMi«es  tip  a 
lube  (removed  to  thow  the  wiie)  aboni  3  feet  lone,  over 
the  fixed  licme  pulley,  I'l,  then  <!i)wn  tlu:  iuIk  and 
under  the  little  otciv/M-  pulley,  /,,  up  the  lube  at;ain,  and 
over  the  fixod  pulley,  Fj,  and  finall}-  down  the  tube  to 
the  saen;  H.  The  block  trf  the  movable  pulley.  /„  h 
attached  by  a  fine  and  flexible  ttite.t<l  to  the  coiled  and 
strelthed  s;>iing,  S„  and  this  thread  jiasscs  once  round  the 
fixed  |iu1lcy,  \V.  Thns,  Ihe  pbt in um -silver  mrc  is  kept 
stretched  by  ilte  pull  v(  the  s|>rin];,  S|,  and  whenever  tlie 
length  of  the  wire  alters,  the  nhuel,  W,  is  jwrtly  turned. 
The  axle  of  the  wheel,  W,  carries  the  toothed  wheel,  1^ 
which  works  in  Ihc  pinion,  M,  on  the  axle  ■>(  which  the 
IKiinter  is  cariieit,  which  movei  owr  ihe  face  of  the  dial,  of 
which  the  ligun.-  only  sliuws  the  l«cl:.  The  screws,  A  and 
It,  ?re  meialljt^allt  conne*  ted  to  the  extenuil  hiitdinjt  scru-ws, 
T|  and  Tj.  If  now  iIk-  i'.lJ,  to  Ix-  nitnMin.-d  lie  applied 
10 1'l  and  Tj,  the  |)latinuro  silver  wire  will  become  heak-d. 
aivd  Icnpthcn.  as  alre.tdy  explained  :  the  pulley,  ^|,  will  t>e 
[Killed  down  :  die  wheel,  W.  itijshily  luriKd  ;  and  the  ludcx 
moved  round  the  dial.  The  poicniial-dilfeieiitci  eorrc- 
s|>ondii^  to  the  various  iled»;liuns  are  determined  by 
prcnuua  cxpu-rimciit,  and  uurked  on  litis  dial 
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Ill  order  that  llic  range  of  the  iitsirunicnt  nuy  Ik 
doubled,  an  extra  wire  of  the  sanie  luiiglli  and  rcfikUuKc  it 
added  in  (h«  tiiltc  lo  ttic  1i.-(l  of  it^t  Lonuiniiiy  the  vrutkii>]; 
wire.  This  wire  h  kept  Uniit  liy  ()tc  &prinf;s,  S;  atifl  S,.  .ind 
ils  diKputiition  iii  its  tube  is  precisely  sitniLnr  to  ihat  of  th« 
working  wire.  One  end  of  it  is  TastetK-d  lo  ilie  strew,  C, 
whi<'h  is  conneelnl  lo  the  binding  -*rfw,  'l\.  WUtrn  the 
bindinit  screw*,  'I',  aitd  T^  arc  ii*c<l  inste^id  ui  T,  >rid  'I'., 
thv  two  wires  arc  in  scries,  nnd  the  same  current  lASses 
througli  cjch.  They  «rr,  therefore,  e([iully  healed,  and  if 
ihrir  nsitiUiitircs  atv  ci]U;d  at  the  eunniK-n^i-wcnl,  ittcj  re- 
nKiin  e<|iiid  ftrr  all  lUrtvniK.  'Ititu,  ^irne  ihc  (.mnrnt  has 
now  in  \iai3.  ihrou];h  dotiMe  the  rcMslancc,  it  will  re^iuite 
double  iIk  P.I),  lo  produce  (he  same  inovenH-nt  of  the 
puiuicr,  nft  when  the  it-imiiuls.  T,  and  T,;,  were  uwd  j  lla- 
range  of  ihe  tnstriiiii<;nt  U,  therL-fore,  doubkiL  On  the  face 
of  the  dial  two  >els  of  ;jraduations  arc  engraved,  one  of 
lower  numbers,  to  be  read  when  tlic  terminals,  T,  ai>d  Tj, 
are  used,  and  the  other  of  higher  numbers  to  Iw  read  when 
Ti  atwl  I J  an;  used. 

Hie  fine  wires  arc  [troierted  by  the  metal  lubes,  /y,  /  /, 
which  slip  over  and  sup]>ott  llie  discs,  D  E  aivd  1-'  C,  that 
carry  Ihc  lixed  ]<idle)-s.  'lo  eoncet  for  changes  in  the 
lcin|>eTatiirc  of  the  ruont,  the  rods  thai  carry  the  diitcx  arc 
made  partly  of  iron  and  |xirily  of  biaM,  in  such  jmitMmiuns 
ihal  tl>etr  mean  cueAlcieni  of  e.<([>ansion  is  equal  to  thai  of 
the  platinum-silver  wire. 

Electrostatic  Instruments.  -On  theoretical  (grounds 
b)  I, If  ilic  l-tM  initmmvnt^  l"r  meiiMiinig  elc»trir  iwoNurcs, 
eidier  clectiuinutt^-e  forces  or  potential  diOeiences,  are  thoac 
whoNc  anion  ili-pewb.  mA  upon  the  mas"*''*  elfett  of  a 
current  of  elcttiidty,  but  upon  tlK  attractions  and  repulsions 
of  sla  tidily -do  r£;ed  conductors. 

V\'e  do  not  ptoposc  to  descri)>e  ami  discutm  here  thc 
wltole  range  of  pbenuiiKn.i  usually  iiiduded  under  the  lemi 
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"  BlvcirxMUlics,"  though  ihcHc  jtlicnoinciia  arc  exlicincly 
iiitcrtslin];  and  most  suttgcstivc  as  to  the  nature  of  tliv 
L-mily  ihiil  nc  call  "  Hk-<:(riciiy."  Il  will  lie  tiiltidcnt  Tor 
our  piit[iuM:  if  vc  brk'll)  Mate  unav  ui  llie  fx|M.-riiiienial 
facu  u|)oii  wlikti  lti<:  ivurkin^;  of  the  class  of  iniiiruiiicnis  we 
wish  lo  describe  is  1»scd. 

In  out  histuric;)!  introduction  {jMgcs  6  I016)  are  briclty 
Mimiitariscd  the  chief  dincovciiuK  in  elect  rod  alios  ""il 
amoii^st  ottier  ching^,  we  liave  TcfvtTed  to  Ihc  fact  that 
siniilail)'  ctiarged  bodies  rciiel  one  another,  and  diMimibily 
rhmjieil  bodies  attract  one  another.  If  novr  <nc  can  eon- 
siriiil  an  invlniineiit  iiarily  of  lixeil  and  iwrily  of  inovabk 
LOii<Iuelot>,  in  dueh  ,-t  innnnei  lliut  the  <-lurge«  c^uMng 
attfaclion  or  tepul&ion  beU'ecii  the  fixed  and  movable 
eonduttors  are  determined  b)'  the  potentials  nhosc  differ- 
ence we  nUli  to  nteasure,  then  by  >nea!iuiiti)(  the  attraction 
or  repulsion,  we  shall  have  indirectly  a  measure  of  tlic 
IMtentiatdifferencc.  An  ckctrie  i>ressiire  tntasiircr  working 
u|jun  these  principles  is  called  an  Electrometer. 

'Hte  celeUtated  law  gf  eteclric  action,  eiijietinienled 
upon  by  (.'oulutnb  and  Oivendiiili,  und  developed  iiuiln- 
niatically  by  Laplace,  Biol,  I'oisson,  atkI  others,  slates  that, 
"  I'Jie  ntlraelwH  er  rtfuhion  bilwt/n  /«v  i/Na»tilMS,  y  and  i/\ 
oJtiulrUil^  iupp^uii  a>He<nlraUJ  at  /j(v  fi-inh  at  a  dittamt 

B  Q 

d  apart  is    .     and  it  in  Ihe  fint  iffitiiie tkt  Ittv  pvinis'' 

'I'bis  is  exactly  similar  10  Ihe  law  of  magnetic  action  enume- 
rated on  (M^ic  105,  and  is  open  to  the  ribjeiriions  irhich  wc 
have  urged  ai  jMge  10;,  aguiiiil  all  "ai-tion  al  a-distance" 
theories.  'I'he  alxrve  customary  statement  of  the  law  makes 
no  mention  whatever  d  the  influence  of  Ihe  medium  lie- 
iweeii  the  two  charges  in  modifjiug  ihc  action.  As  in 
magnetic,  so  in  cleeiiDstalic  [ihenomena,  I'ar.ida)'  ua.s  the 
first  to  ^Mi^  the  importance  of  taking  the  iDediuiii  into 
uecoiint,   and    in  one  of   his    Heties  of   ex]>erii»enls  Ik 
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ntimcncally  e&timaled  the  differences  in  the  Actiunit  of 
various  na-diit.  He  considered  ihc  action  lo  be  due  10 
Mriiiiis  and  stresteK  set  up  in  the  medium,  and  )>e  f;r.i|il)icnlly 
rc|)rescnled  the  kind  of  Mrain  by  inc.iiis  of  lines  iif  t/ttfrie 
Jfir<t  exactly  analogous  to  ihc  lines  of  inagnelit*  force  upon 
wtiich  we  hnve  dwelt  so  fully.  Thai  lhe»i-  nimins  actually 
exiit,  and  vixv  not  nK-re  iihilimoplii^nl  At>N  tract  ions,  ih  proved 
by  the  beautiful  eli.'t:tto(ir"''^  cx|>criiiiciits  ^A  Ur,  Kcr,  of 
Glasgow,  and  of  Professor  Rlickcr  in  "  Ivlectricnl  .Sires*," ' 
exjierimenls  whiih  we  regret  »e  have  not  sjuce  to  dcMmtw; 
in  detail.  Our  prewnt  jiurpoac  is  merely  to  exi>lalti  the 
i:on>iru<:iion  and  action  of  elecimmeten. 

Kciurnini;  now  to  the  conditions  already  enumerated, 
we  notice  that  the  poleiitiak  of  the  conductore  of  our  in- 
stfuiuetit  luu&t  detctniioc  the  charges  vf  electrkily  ami  ll>c 
Miain^  in  the  medium.  Now,  the  jiottntia!  required  to 
imparl  a  specilicd  charge  lo  a  given  conductor  depends 
not  only  on  tlie  si:(c  and  stupe  of  ihc  conductor,  btit  also 
on  the  sixes,  sha|iei,  and  positions  of  ncighlwuring  con- 
ductors. Itui  since  ihe  work  done  in  charging  a  conductor 
depends  both  on  the  jiolenlial  ai>d  on  the  change,  this  is 
only  another  way  of  saying  that  the  energy  used  in  iminrt- 
ing  the  cltarge  dei>t;n(U  U|>oii  the  nature,  magnitude,  and 
dis|M)sition  of  the  medium  in  which  Miaitis  are  set  up  by 
ihe  t:harBe-  If  this  medium  be  widely  c.vtendcd.  the  stmiits 
arc  feeble,  arK)  ihc  energy  n-ajuired  lo  produce  them  is 
sniati,  but  if  the  niediunt  acted  u[>on  be  a  narrow  gap  be- 
tween iwo  conducton  very  close  loneiher,  the  strains  may 
become  vet)'  gteni,  and  the  corresponding  energy  clastically 
stored  in  the  medium,  also  great.  One  point,  ihcrcfoic,  to 
be  kept  in  vien  in  designing  an  electrometer,  is  to  ronfiDe 
ihc   aeiion   as   much    a:^    |>OHible   lo  a  small    purtioti    x^ 

'  The   milvi  who  wUhc*  to  pinsuc  tb«  •uli}«cl  will  bn* 
cipeilibmui  dtxiilicd   Ut  ihc  Jmmal  </  tki  Seeirtf  ii 
f.Hsiit'i".  vol,  \n'.  (|8»0,  p,  jia 
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dielectric.)  ThiH  is  also  llic  condiiion  indicaled  l>y  the  old 
litvf,  for  the  mAgnitiidt.-  uf  iho  force  being  inversely  as  tttc 
sciunrcof  Ihc  (lislan<:o  liclvievii  [Ik-  acting  budivs,  the  shorter 
the  diKlaiKe  Ihe  greater  will  lie  the  force. 

h'oT  itiMance,  suppoK  A  and  B  (Fig.  165)  to  lit  two 
metalli<-  plates,  of  which  one,  B,  rests  on  the  lablc,  and  is, 
Ihcfcforc,  in  conmxlion  with,  nnil  at  ihc  tcro  jioicnlial  of 
llic  earth  ;  the  other.  \,  li  supjiurted  above  nnd  parallel, 
but  very  close,  (o  B  by  some  irksubting  Bui>|>ort.  If  now  A 
Iw  [jiven  a  charge  of  positive  cle<rlririty,  and  thus  be  raised 
to  a  httiUci  potential  tlian  the  vnilh,  by  far  llio  grciilc^t  part 
of  the  clettiic  action 
in  the  Hpao;  stir- 
rounding  A  wiU  he 
oHifincd  to  the 
narrow  gai>  between 
A  and  B.  The 
result  will  be  an 
attraction  between  A  and  B  de]>cnding  upon  the  size  of 
the  plates  and  their  distance  apart,  and  proportional  to 
the  fjuare  11/  ihtii-  feUntialdifftrfitu.  The  attraction 
may  be  ineasua'd  by  t>alancing  it  a){iiinst  known  forces ; 
thus  A  may  Ijc  si[S|>ended  from  the  beam  of  a  balance,  and 
the  atlraclion  countcr[Joised  by  weight*  added  to  the  scale- 
pan  at  the  other  end  of  the  beam.  I-'roin  the  known  value 
uf  the  weights,  and  the  known  drmenvunii  of  A  and  B,  the 
value  of  the  potential-difieieme  can  be  calculated  in  volts. 

Unforiunaicly,  the  attraction  between  two  plates  of 
managcnhle  si^e  is  extremely  small,  except  when  the  dif- 
ference of  potentials  is  ft  lai^e  number  of  volts.  For  in- 
stance, if  the  plates  l>e  10  inches  s<iuaie  and  only  a  quarter 
of  an  inch  apan,  a  potGntial-diETctcncc  of  almut  ^oo  volts  b 
attraction  equal  to  the  weight  of  a  grain. 

'^  i«u  Uiwit  tijr  Faraday  \a  ilmMv  the 
■  (he  cicciric  aniwna  lake  pUor. 
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Whcii  it  is  renH-tnbCTol  lIuU  the  furoc  (s  proiwHianal  lo 
tlic  sfmtff  tit  the  iioifntwNiiffeiciia-,  it  will  be  ai  oavt! 
iKsn  how  Ihe  nunr-iioti  \>roiit<-ed  \ty  tin-  rlt^iric  (tmrMtrc 

or  X  single  volU 
aic  ull  must 
lie  almoitt  in- 
a|>precinhtr. 

N  01  with- 
>rnt)dtnK  Ihb 
ilifTicnlly,  l.oni 
Kt'lvin  his  iUn 
viKird  a  wric«  ot 
li«u(iful  instnh 
mctiis  in  which, 
I))'  m.ikiR|;  use 
of  an  auxiliaiy 
electriftcatton  of 
one  of  ihc  plates, 
to  incTcaic  (he 
nllDCtive  force, 
nixl  by  nieastir- 
ing  the  diftmu 
of  the  distances 
ii<  (he  other 
|)hte  necessary 
lo  produce  a 
dcfiiiile  ottnu;- 
tion  when  it  U 
cicftriliw!  first 
lo  one  pMcDiial 
uiid  ihcn  to  the 
Tnuawnre  dirccilv  iKHentto'- 
The 


Ptg.  K6."K(liriii't  ijutiimn  ElecutuMici. 


other,   he  liu   been   able    to 

difTcrcnccs  ax  small  lU  one  volt,      llie   i 

of  tlie  ncrioi  cnpalile  of  woiVing  nith  this  n.^nt 

stiiveneis  he  calls  the  "Alisolulc  Wtctronifter  " 
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"  }*onjiljlo  BhKtioincier."  'Ilic  Xawe  that  liaUiKoi  tlic 
eWtric  attraction  U  the  toriion  of  a  11i»c  fitnliniim  wiTC  ; 
bill  the  ilol.iils  of  the  insimmcnls  ate  som^whii  <  iiiii|>lK.ilcd, 
iinii  fhicrtj"  uf  U;chni(':il  inl«ro»t.  A  nmch  more  uidcly 
known  an<l  a  more  sciiMtiix-  inatiiimcnt  fur  iii<-Atutin];  thv 
rfhititt  values  of  two  P.D.'s  is  Knnl  Kelvin's  '■  f.huilrant  " 
dr'trornvtcr,  n  fiim]>lc  nttxlitirjilioti  of  vrliidi  ue  Hti.nll  nnw 
<Jf><ril>e.  The  intttiinient  ik  sh<mn  in  jicrspcclivc  in  l-ig. 
io6,  and  the  chief  jartit,  or  "  (|ii:uiniii!s,"  iiikmi  which  the 
clcctric.l1  action  dc- 
]»rn<l«  and  from  which 
it  tikkes  its  n-imc,  are 
shown  se])3Mtely  ami 
on  an  enlarged  scale  in 
l"ig.  307.  The  quad- 
rants A,  B,  C,  n  (I'ig. 
307)  would,  if  joined 
together,  form  a  shnllow 
clascd  brass  box  with  .1 
central  hole.  Tliey  arc, 
however.  &tiglitly  separ- 
ated from  one  anoilicr, 
and  Kii)i|)orlc(l  indc- 
IKndenily  on  insulating 
columns    of     (;tass,    as 

»hoirii  in  l-'ig.  106.     0)>pO!tiie  paiix  of  (juadranis  are  joined 
liy  condu4:ting  wires,  so  that  A  and  C  forni,  as  it  were,  one 
insublcd  conductor,  and  B  and  I)  .motlicr  insiibted  con- 
ductor.    It  ii  the  polcntinl-dift'eremrc  between  these   two 
conductors  that  is  measured  by  Uic  instrument ;  to  connect 
them  to  outskle  conductors,  two  long  brass  rods  pass  from 
A  and  I)  down  dirough  the  bottom  of  the  case  to  two 
ho  far  side,  not  shown  in  Fig.  loEi.     A  third 
»r.  N,  swings  freelji'  by  an  appropriate  sii»- 
mr  space  enclosed  by  the  quadrants. 


t'i^  H-?'-  Til'  Qki-^<ir»n1« in  KcLriti't 
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'rh«  contiiictor,  N,  is  usunlly  made  of  a  thin  eomigaled 
srri])  *if  atuMMiiiiim  of  (hr  ^\\a\v:  Kliown,  and  i.t  elvtiric- 
ally  conncclcd  li>'  ilic  wircr,  u;  with  ihc  inner  io;itln^  nCa 
lA'ydcD  jar,  J,  so  §upi><»tctl  tliat  il  caii  be  rmdily  witlidtuwti 
from  the  boltom  of  the  cam:  uiihoiil  distuibing  ihc  sus- 
pended needle.  The  inner  eoalinji,  of  this  lx]rden  jar,  in- 
Mead  of  lieing  t)i«  iiMiat  tin  fod,  ik  .strong  !(u1|itiHrk  aod, 
which  ser\-i.->  the  double  |iur|)osc  of  acting  iii  the  coating 
and  of  kccjiing  the  interior  of  t)tc  case  artificially  dry. 

'llic  jar  can  be  chjir^cd  by  the  brass  rod,  K,  which  pasws 
through  an  insubtinji:  elKinitv  collar,  and  hjis  a  jiiccc  of 
[ilatinuin  wire  hanging  into  the  acid  Uaxa  itK  inner  end. 
1'he  wire,  w,  ha&  also  a  little  vane  at  its  lower  end,  wliich, 
moving  in  the  viscous  acid,  tends  to  steady  the  vibraiioti  or 
(he  nccfllc.  If  now  the  inner  coatin);  of  the  Leydvn  jar 
be  charged  to  a  high  jiotential,  the  needle  takes  the  same 
l>o[ential,  and  cariies  a  corresponding  charge.  It  is  so  ad- 
justed that  when  the  quadrants  arc  all  at  one  ]>otcntial,  it  lies 
centrally  and  in  the  midtlle  of  the  box  along  one  ui  the 
diametral  slits.  In  this  position,  as  lont!  ^  there  is  no 
P.D,  between  the  quadrants,  there  is  no  tcndeivcy  for  N  to 
move,  however  highly  it  may  be  charged-  But  if  one  pair 
of  (juadranls  A  C,  he  connected  to  the  positive  tenninal 
of  a  galmnii:  celt,  and  the  olher.  It  [),  to  t)te  negative  ler. 
minal,  A  and  C  become  jmsitivcly  cb.ir^cd  and  B  and  O 
negatively.  If  N,  tlten,  has  a  positive  charge,  it  will  l>e  rc- 
pelleil  by  A  and  C  and  attracted  by  It  and  D,  and  will  (end 
to  roUite  in  a  cloctiwisc  direction.  This  lemlcncy  is  re- 
sisted by  an  ap))ro|>riatc  controlling  force,  with  the  result 
that  the  angular  motion  of  N  it  prt>portional  to  the  jxiteit- 
tial-<liff'eTtitce  between  A  and  D.  This  angular  motion  is 
read  off  in  die  usual  way  with  a  lamp  and  scale,  .ind  if  the 
deflection  coires ponding  to  one  voll  luis  been  d, 

the  del1c4:tion  (or  any  I'.l).  within  il"-  irim-i-  m 
nientwill  give  tluit  P.O.  in  voli 
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The  controlling  force  mcd  maj  be  of  various  kinds,  In 
y\.  io(>  two  silk  threads  han^  ilown  from  liic  ti|)|>cr  sup- 
])oit  at  n  little  <lisUni'i?  nimil.  WUm  the  nvi-<ilc,  N.  is  in  ils 
Hero  |iu\iti<>n,  llicw  threads  an*  |Mr.-illc1  -ind  vcrlical ;  hut 
when  N  is  rutaied,  they  aie  no  lunj^n  junilkl  ami  bcvunie 
lilightly  inclined  to  the  vertical ;  N  is  therefore  slightly 
lifled,  .-ind  iinjcr  the  action  of  K'-'^il)'  lends  to  fall  back  to 
itN  jicro  jKioilion.  This  method  of  sus|»cn«ion,  known  as 
the  />i/iiar  iusfxiuien^  can  be  .-id}usie<l  so  cis  to  bring  vcrj- 
small  forces  into  i>Iay,  ami  can  therefore  be  mode  very 
sensitive.  It  is  vridely  u.seil  for  delicate  work,  because  the 
font  tolling  foite  is  i/roportiuiutl  to  the  dellcction.  Another 
method,  shown  in  Fig.  107,  is  the  unijiior  itttpemion.  In 
thin  case  the  suspciisiun  is  a.  fine  metallic  wire  aitochcil  lo 
the  lop  »u)Jt>oil,  which  inii»l  now  be  eatefully  iiiaij1.itud. 
When  N  ikllccis,  ihc  lower  end  oi  ihc  wire  is  tuiMcd,  and 
the  restoring  force  of  tonion  called  into  pl.iy  is  a<:cLiialeIy 
projiortion.il  lu  the  dcDeclion.  A  third  nielhud  iioinvtimes 
used  U  t!ie  mix"''!''  (oilrol-  The  nectlle  is  hung  by  a  tor- 
sionless  Mik  or  (|ujrl/  fibre,  and  lilllc  m^^ncls  .tre  fixed  on 
the  bick  of  the  ini/ror  seen  in  l-"ig.  106,  just  as  in  the  reflect- 
ing galviiiioiiietera  previously  dctcribcd.  Thcw  magnets 
are  not,  howtver,  affected  by  the  electric  charges,  but,  being 
{daccd  ill  a  magnetic  Held,  always  tend  to  turn  the  siisiJOiiJed 
syslcni  into  one,  the  Jiero,  position.  When  the  sjstem  is 
dclkcted,  the  controlling  force  comes  into  pby  ]ii>t  .-is  in 
the  galvanometers,  and  subject  to  the  laws  abe-niy  destribcd 
in  dei.iil. 

The  qiudrant  clcaromeier  has  recently  been  still  further 
modified  by  Professors  Ayrton  and  Feny  and  Or.  Sunipner, 
with  the  object  of  making  it  ■'lill  more  reliable,  e»|ieciully 
for  the  measure  men  I  of  aliertuling  I'.D.'s.  Elescriptions 
of  these  niodificatiom  will  be  fouad  in  the  rhilei^pkietii 
■ulions  for  iSqi. 


jij  Thk  BtFxrxtc  CvuKtm: 

Stanoakds  of  Elrctkomotivk  FOKtK. 

"Itw  pni<.-(ical  dcfinilion  of  ihc  voll  on  logf  387,  pre- 
huppcMic*  ihsi  the  cxpcrinicnicT,  uho  wishes  to  inc.ivurc 
V0I1&  ii)  accoTjnncc  with  the  dcAnition,  U  p(M(.ie&:ivd  of 
aecuMtdy  c.tlil>riite(l  iuii|i«n:iiieiers  10  inviutire  Uk'  current 
Hlik-h  is  scut  tliT(>iit;li  accurate  titandJirds  of  nrsisUiiKt:  of 
knuwn  value. 

Ano:IivT  (Ivfinilion  of  the  volt  is  s-jgi;vstcd  by  ihe  re- 
mirks  on  ]«({«  597,  according  to  whkli  ihc  volt  iniglil  Iw 
(tcfinvx!  ai  the  iiotvntial-ilifference  nhkti  wutilil  itihIuci'  a 
ccriain  mechanical  force  of  allnicijon  liciwccn  tn-o  |Mmllcl 
platw  of  a  curtatii  si/c  and  certain  dtfunce  a)xiii,  und^-r 
carfifuHy  »)>cciA«d  condiiJoDi. 

The  finit  of  these  dcrniilion^  rs  liy  Tat  Ihe  licit,  but 
u  o|ieii  10  lh«  ulijection  tiuii  the  nmns  of  |>i<>dii<*ing  the 
iir({uir<[Hl  curtL'iil  ihtoiigh  the  kiionii  ti-MatJincc  may  not 
always  be  at  hand.  11ic  second  definition  is,  as  wc  have 
seen,  of  liide  pKclical  value,  liecause  the  attractions  in 
iiuity  tXMiiinonly-occtiiring  i^ucs  would  be  much  too 
small. 

An  cxaininAtion  of  ilte  tables  given  in  the  diMiassion  of 
the  iheoi)-  of  (hi;  voll.iic  ci-41,  and  our  remarks  lhcreu|>on, 
will  shuw  that  it  oii^ht  to  l>e  )>uvJI>le  lo  cunMiut  1  a  ecll  ol 
ruefully- elected  and  {Hire  chemical  inaieriali  which  should 
hive  a  peifcclly  definite  electromotive  force.  Foi  if  {wlari- 
salion  can  be  iMvvented,  the  E~M.l''.  defends  only  on  the 
cheniic.-d  consiilultoii  of  the  m.iieri.ih  of  ivhi<  h  it  i^  com- 
posed, And  if  ihcM.-  i»;ilerial!i  are  xuftiiieiitly  vt.ible  to  tc- 
tnain  unchanged  durin;>  a  consideraMe  |Kfr»od  of  tunc,  then, 
during  thai  period,  Ihe  liMF.  of  Ihc  cell  ui!'  '  '  u- 
luicly  r»n»Lint.     What  ihu  b.M.F.    k  cjn  be  '  d 

experimentally  by   cotniuiin^  it  with  a  I'.ti.  tneiuured  in 
aciurdaace  with  the  praciiial  dc6niuon  of  ib- 
tliall  then  harv  an  nccuraielv- known  ch 
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coni|tanM>n  widi  irhkh,  by  well-know-n  methods,  ihc  values 
of  oiheT  jkmsNurcN  can  be  ascertained. 

Cells  ciin.struirted  with  the  <>l>jt:<  t  nf  fulltlling  tlienC  con- 
ditions are  knovrn  as  Standard  Cells,  3ml  u  r.-i»t  umount 
of  lulk-nl  experiment  -tiul  ingenuity  his  ln-en  demoted  (o 
ilie  Uiik  of  discovering  the  inotl  Kiiit^titc  ninu-nals,  and  tlie 
best  DHrthod.i  of  so  bringing  thcin  togeilier  n»  to  [ircM-rw 
the  K  M.F.  of  thf  cell  unchanged  for  .1  toti^;  ]>:  riod  uf  lirnp. 
It  will  suHkv  to  dcsciilw  wo  of 
the  forms  whi<:h  cxiicncnce  hn^ 
iihown  to  fulfil  most  nvatly  the 
conditions  of  the  |>ro1>kn!. 
though  even  these  are  not 
iwrfect,  ns  we  shall  afterwArds 
|K>iiit  utit. 

Tile  cell  H'hicli  has  recently 
Iwen  »doi>tcd  by  the  lioard  ol 
I'ntdtf  iis  one  which  best  hilfiN 
all  the  conditions  uf  a  standard 
cell,  has  long  been  known  to 
clcrltkians,  from  the  name  ol 
its  inventor,  ax  the  J^timer 
Clark  cell.  Minute  directions  ' 
for  its  coRslruciiun  have  been 

(Htblit^lK-d  by  the  Hoard,  giiidid  by  the  skill  and  e»iwricnce 
uf  an  exec|i(iun>illy  jwwerlul  .sjieiial  committee  apixiiiiled  to 
advine  the  Board  on  the  subject  of  electrical  standards. 

\V'itho«t  going  so  minutely  into  detail,  we  may  say  that 
tlteccll  consists  essentially  of  an  amalgam,  A  (Fig.  loS),  of 
xinc  and  pure  mercury,  which  fornw  the  jwsilive  plate' 
o(  tlte  celt,  and  a  layer,  M,  of  |Hiie  mercury  fi>miin);  the 
negative  plate.  'IIicm:,  in  the  ^tlein  illuilraled,  are  placed 
at  the  bottoms  of  two  test  tubes,  ranged  &idc  by  side  with  a 

'  '^ij,  7^  ElAlrkitm,  trA.  xxtn.  (1891),  |M][e  9S. 
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«oiinvc(in^iubc  in  rhvmuldle,  lorininga  figure  noi  unlike  the 
lellcr  H,  from  which  the  cell  a  somciimcM  kmiwn  as  llic  H 
pailctn.  Conuci  is  in^dc  to  the  amalgam.  A, and  (he  tncrcuiy, 
M,  hy  two  platinum  wircf.  \\  W,  whii:h  are  scaled  (hrnugli 
the  gliUN  uf  the  tube  The  merctirir,  M,  is  covcrc^l  with  a 
layer,  M  S,  of  pure  nictciiiuus  sul|)h;ik:,  iiuiile  into  (he  roriii 
of  a  juste  with  disUllcd  »-.iter.  and  (he  tubes  are  then  filled 
wilh  a  satutAted  st^liitiun.  /^  of  pure  /inc  sulphate  to  a 
point  abow  ihc  level  of  the  cross  tube-  To  prevent 
ev3]>«r4<iuii,  itie  lops  of  the  IiiWn  iiie  either  tlu&ed  with 
corks,  C  C,  made  .lir-tight  \ty  uutiiu;  glue,  ur  arc  hcimclic- 
ally  scaled. 

When  made  up  for  tiH',  tlie  celts  a(r 
enclosed  in  a  brass  (uue,  n.i  in  V'iy,  £09, 
to  {ffolt-ct  thcin  from  injury.  In  the 
form  shown  in  the  tigun.%  which  is  due  to 
Dr.  A.  Muirhead,  theie  are  two  cells,  and 
therefore  four  terminals.  As  the  E.M.F, 
fif  ihc  celk  depends  u[>on  their  temper- 
ature, tht;  bulb  of  a  thcnnumcler  i^ 
placed  inside  tlic  case  and  its  stem  is 
ijrought  up  ai>d  laid  horuonially  across 
the  lop,  »u  that  the  tcmpcraiuR-  of  the  in- 
side can  be  readily  observed.  One  uf  t)iv  <'cltN  nhuuld  be 
«ised  for  ordinary  work.  ai>d  compared  from  time  to  lime 
niih  the  other  to  ascertain  if  it  is  undergoing  any  change. 

'Ilie  li.M.r.  of  .1  Clark  cell,  carefully  constructeil  with 
IHitc  maieiUls,  Iva-i  been  .shown  by  l^>rd  K:i)'leii:)i  to  bc 
vcry  consL-inl,  provided  the  iciui)Cialure  be  kept  constant. 
Its  value  is  1434  volts  at  15"  C,  but  tlw  variation  with 
change  of  tecnpenitutc  is  rather  br^se.  bcin^  iK:atly  t  unit 
in  the  last  figure  of  the  de<:inwl  lor  cat  h  ccnligraik  dcgn.-* 
diliea-nte  of  the  temperature  above  or  below  ij"  C. '     'ITie 

•  Hi^eucI  mine  at  1°  C.  11 
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K.M.F.  (limiiii.ihes  ns  the  rell  gels  n.iniier,  anil  increatcs  iis 
it  gets  colder. 

The  connancy  of  ihc:  E.M.F.  of  the  DanieH's  cell,  even 
when  making  under  or<Iiii:ir>  ojiidr lions,  li.is  lit!  to  many 
:itlem|)ta  \n  nwrcunitr  the  few  (>iil>l.-in<tiii^  <tilti<'tillK'*,  and 
nuDicmiH  modi  ftrn lions  have 
licrn  prnposcd  and  used  as 
sland.irds  nf  K.M,!-",  In  all 
these  ihr  puroiis  |>oi  h  di.t- 
pcnsed  with,  as  it  introduces 
disturlinnces  for  which  it  is 
imtKtMiibIc  to  ao-iiniiely  allow. 
Thi»  inlrddut'eK  a  fresh  diftt- 
culry,  a*  furMundatd  imrpovs 
Ihc  twu  liquids  of  the  cell 
inti.it  not  be  alloirred  lu  mix  ; 
or  iflheydo,  the  mixed  liquids 
must  be  removed  iicforc  Ihc 
cell  is  MKcd.  Sevend  ways  of 
meeting  this  difficulty  have 
been  projioscil.  Tlie  mctltod 
described  below  wax  devised 
byl>r.  Fleming,  and  this  mtHli- 
ftciuton  of  the  Daniell'sccll  is 
used  as  a  MamlanI  of  R.M.F. 
by  thv  I-ldUoii  and  Swan 
United  Ekctric  Light  Com- 
pany, who  were  the  maniifar- 
turers.  for  a  lori^  lime,  of  all  the  high- resistance  glow  lamps 
used  in  tliis  country. 

The  form  of  the  cell,  which  is  a  littJc  complicated,  is 
shown  in  l-'ig.  Jio.  It  comisl«  of  a  glats  U  lulx-,  with  an 
outlet  at  the  iKilIoni  closed  by  a  glass  laji,  D  ;  there  is  alw 
near  the  botlora  of  one  of  the  lirnb^  an  opening,  cloied  by 
a  tap,  C    Near  tite  top  of  each  limb  are  side  tubes  leading 


tit-  ire.— .Sundnid  Oaniiir-  CiU. 


L 


■— ^-^ 


4o6 


7'Mlt   £l.hCTMtC  CtfKSHJrfi. 


to  t1)C  icscrvoini,  S7.  an<\  SC,  cum  mimical  ion  with  which 
cnn  lie  ojk'ik-J  or  dnscd  by  meant  of  \\k  la|«  A  and  R 
The  )ifisitivc  iin<l  ne-([3tiv<-  el«niciil>  wln-n  nol  in  uxc  arc 
kept  in  the  liil)C«  1.  arxl  M.  1'hc  formeT  coiisislH  of  a  rod 
of  /m/v  xini-  slurk  Ibroiifjh  (he  ml)l>cr  !iIn{i]K'r,  P,  atui  Ihe 
i.illLT  i>r.T  md  nf  frailly  (Mntlyfvd  roppcr  slurk  ihioii^h 
the  stopjiet,  ',).  The  cn[i[nr  is  i.'lt:«:(roly|ir(l  jii«  hrfore  ttw 
hy  brint;  pUcvd  in  an  (.'k-clrMplaltn);  hnlh  \\yaf/!  ^^3)  oT 
co[i])er  sulpluilc,  and  having  a  Ihiii  ta)VT  of  {MITc  copper 
<]cpnsitr<I  on  it.  Thi!  reservoir,  S  Z,  rontaiits  a  Mihitiim  of 
pure* /ine  siil|ih:iti.>,  of  a  dL'OMty  nf  i'4ooat  i5''r,aiM]SC 
coiiiiiiiis  a  Mitutiiin  nf  (-ii|)|ici  «i)[tlMlc.  of  a  density  of  i  'too 
.11  (1i«  name  Icmperalure. 

When  the  cell  is  tu  he  used,  the  tap  A  is  first  opened 
and  the  U  lulic  Jillnl  with  /inc  sulphate;  the  zinr  tod  is 
tiK'n  put  in  it.s  ]>l3<-e,  und  tlie  lop  of  lh«  k-fltutiMl  lul>e 
closed  ti}{)itly  with  ihc  stopper,  R  The  tap,  C,  is  (hen 
partly  opened,  and  as  the  ;(inc  sulpbalc  flon-s  slowly  out  of 
the  right-hand  limli,  its  p'.'i''c  is  t.-il:cn  by  ro]>peT  sulphate, 
which  i.s  allowed  to  How  slowly  through  tlvc  tap  H.  When 
this  is  carefully  done,  the  line  of  demarcation  Iwlween  ihe 
wbitc  and  blue  solutions  is  perfectly  sharp,  and  gradually 
sinks  to  the  level  of  the  ta|i  C,  and  thi-n  lioih  It  and  C 
arc  rlosed.  The  frcihly  cleciiotj-pei!  eoppM  rud  U  now 
jnii  into  its  pbcc,  and  the  cell  is  ready  for  use. 

Afier  sLindini;  some  tinvc  the  li<|ui<!s  diffuse  into  one 
anolber,  and  the  siitfnce  of  icjkinilion  hccomcs  hiiitred. 
When  this  hRp|)cns  tltc  mivnl  liquid  i.s  (o  lie  drawn  ofl'  troni 
C,  awl  fresh  liquid  supplied  from  the  twi>  retcrvoirs.  1'he 
R.M.I-.,  when  the  solutions  arc  of  the  strength  s|>cci5ed,  i» 
loy*  volts  at  is^C,  and  the  change  of  hUM.l-'.  for  small 
Taiiatwns  of  temiwralure  t*  inmh  imaltcr  than  it  h  in  >* 
Ctark  c«lL 

The  iitrear  disadvantage  of  all  voluic  cells  as  ai 
of  elcctroniniite  force  is  the  polanulitm  (vhich.  ti 


when  they  are  .iltowed  10  send  a  cuircnt.  Whenever  )ioi- 
fiWi.-,  tl^iifftjrc,  iiu'lhiHh  of  testing  should  ])•.-  iistii  in  which 
no  currtitl.  01  only  .1  vcrj*  small  urw,  U  rt'<|uiri'<t.  In  ihis 
reK|>cci  the  c1i-clfoim.'(er  h.i>  a  ^ti-M  a'lv.int.i};e  nver  ilio 
voliinrU'T,  for  it  rwjuircs  only  n  luicf  anil  iiiappf trial >lc  cor 
mit  to  chati^i- the  <iii.iiIt.iiiIs.  With  n-gjnl  lo  imbtiMtion, 
Ihi:  DaiiicH'ti  ci-ll  a  much  ticllcr  tltnn  [h^  (.'Intk,  l>itl  it  li:u. 
ihc  <)isaitvanta};c  of  not  Iwinj;  [loriabtc,  for  vrhfn  once  set 
iiji.  any  tlukint-  of  ihc  cell  mixes  the  li(|ui(ls. 

Power. 

In  the  ncxl  electrical  >|ii;inti[y,  wluuc  mcasiircfncitt  we 
|iro[in«c  lo  dirtrtibc  briefly,  ihc  elcrlrician  cntem  upon  a 
province  which  k  of  inoeh  IntL-rLitt  In  tlic  onlioary  eng'rnccr, 
and  nlito  lo  the  geiH-r»t  imblic.  Ttio  <:ostoin  of  xpcnk- 
ing  of  the  power  of  large  ilcinvengitics,  whether  land  or 
mniinc,  as  being  so  many  ihomands  of  horse-power,  is  one 
with  nhK-h  e\ttjonc  who  nr.nU  the  daily  |)a(»eTs  must  be 
fantiliar.  WUeilier  eveiyoriti  has  an  evict  notion  of  wh^l 
is  meant  is  another  Ihinp,  and  |>crha|is  some  of  our  leaders 
niay  improve  their  ideas  of  the  general  princi|>lcs  involved 
by  considering  briefly  ihe  coi responding  eleclnVal  jiro- 
blems.  For  in  the  modern  iitiliMriit  aptitii'ationi  of 
elcclrictly  for  electric  lighting  and  for  cidinaiy  enxineerini; 
purposes,  one  of  the  most  in)[>ortant  factors  is  die  foutr  of 
Ihc  electric  current  employed.  'I'hits,  lo  lake  one  instance 
only,  the  (|iieslKin  of  nlilisiiig  ibc  cnerfjy  of  the  Niiigani 
Fulls  in  dUianl  cities,  ri^iolvc^  itself  into  ibe  consiileiatioii 
of  how  a  large  aniouni  of  jKiwcr  can  be  cleclrically  trans- 
mitted with  economy  from  the  Falls  lo  tlie  riiici: 

What,  then,  is  |K>n'er—  wlx^ther  electrkal  or  in<  dun  leal,  or 

in  any  other  fomi  ?     It  is  wni|ily  llic  rale  of  ifotrii;  7n>rA,  or 

'*>«  raU  at  which  cticrgy  is  l>cing  Iransmutefl  from  one  form 

■iher.     If  the  fittrsy  's  measured  in/x>t-/fit.,  that  is,  in 

'  Ibe  amotmt  of  work  no^uirvd  to  raise  a  i>nnnd 
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wcijfUl  one  Toot  hinth,  then  itic  pro|>er  nnh  in  whkh  to 
nica*»te pnurr  is  nfo/^-ih.f^t  mfnu/f  or  a  foi'lih.  ffrpffonA, 
Eiihcr  i>r  llip'c  uniis.  Uowo-of,  is  Kio  snwll  f«  ihc  tisiwl 
tngim-rring  work.  an<i  llK-rcfore  James  Wall  iiitr(>dii«d  a 
Urgi^r  unil  which  he  rnlkd  ihc  /icrte-fmvr,  ami  which  he 
defincil  ihiLs  ;— 

One  horse  power  =  33,000  foot-lbs  per  minute 

TliiiJ,  ilif  hi>r»«;  ihai  Jamts  Wiiu  a<lo|>4c>l  .ts  a  litnitiUrd  — 
rather  a  ffioi  hon«.  by  lUe  wuy~  was  aUle  to  work  ai  a 
rate  Cfiniva'ciit  In  ihc  rnUing  4>f  a  maxt  of  33,000  lb*, 
(iihotii  15  Iuik)  one  foot  ht|th  in  a  minittc. 

In  vletiricil  W4>rk  tlie  jiowcr  is  ()iti(G  simply  nbuinn), 
if  we  are  aWo  to  moaiitirc  Ihc  vo!ls  and  ihc  amiK-rcs  ;  it  is 
Ihc  [iToduct  of  the  two,  and  ihc  unit  w.i*  foinierly  designated 
by  the  compotind  woni  ivt/Z-nm/hr,  but  is  now  known  as 
tlie  Watt,  in  hoitniir  o(  Jaines  U'alt,  wito  did  so  much  lu 
iniKidiKv  oxail  idoai  concerning  iiowcr.     IIiub:— 

One  volt  ■<  one  ampfera  -  one  Watt 

Dut  if  ihc  Wall  is  n  nnit  of  i>owcr,  il  a,  only  .-inmhcr 
way  of  measuring  the  rate  of  doing  worl:.  and  musi  itave  n 
definite  relation  In  the  engineer's  unit,  ilic  h(MEe-iK>wer. 
Such  i«,  indeed,  the  cate,  for  it  eaii  l>o  shown  that 

One  horsepower  =  746  Watts, 
and  therefore 

One  Watt  =  44;  foot-lb*,  per  minute. 

ThuK  1,000  \V'niis  (cji)led  one  kilowatt)  is  within  a  very 
MOall  perecnlage,  equal  t<>  1  \  hi>rM.'  imwvr.  It  is  now  quilc 
cusioinary  lo  speak  of  the  power  of  a  dynamo  machine; 
Wing  sn  many  kilowaiis,  and  Ihc  reader  will  percvive  howr' 
this  coTref|)onds  to  the  engineers'  method  of  sjicaking  of 
the  jioneT  of  a  steam  enj^ine  a*  k>  niany  h<.>rsc-].'Oircr.  I-'or 
smaller  electrical  work  the  Walt  Ik  a  convi-nicni  unit  ;  thus 
.-I  nominal  1,000  candte-iiower  arc  bmp  ro^uites  alxiui  503 
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VVatt.s,  and  a  ii>  un<ilc-|HiM't.'r  k'di'  Ump  requires  about  60 
\VaiIs  when  pro|)crly  binning,  l-or  telegraphic  signalling 
on  an  ordiuity  tnnd  line  only.n  fraction  i>(  a  Walt  h  usually 
rc<|tiircil,  and  cx<fi>l  in  Urge  oirK;e3,  piinuii)  li.iticrifs  can 
Con»fi)i(.'ntly  suppl)*  thi;  iK'''Cs^i;iry  |iowtT. 

Ntnr,  in  all  tlw  caM:x  cited,  and  in  others,  the  power 
supplied  IM  any  jiart  of  an  electric  circuit  can  be  measured 
by  mcastiiittg  the  cuncnt  in  amftrts  and  the  P.t).  in  im///  , 
the  prodiiri  ot'  tKc  twu  will,/;*-  tlrajy^  mrrentf,  give  the 
power  in  Walli.  Itiil  meiisuring  tlie  pon-i-i  in  ibis  wAy  wc  re- 
inirt  two  inMrtiincnts,  namely,  a  galvanometer  (or  ammeter) 
and  a  voltmeter.  The  various  rorms  of  these  instruments 
have  already  been  dcserilied.  If,  however,  our  only  object 
is  to  mcASUtc  clcctrir.il  power,  and  we  are,  to  some  cvtenl, 
indiiyerviit  to  the  current  or  ibc  v(ihag«,  it  wrill  m.inifcstly 
be  advantageous  10  use  an  instniinent  which  wilt  at  once 
indifale  tht  pmetr,  and  so  save  the  trouble  of  double  ob- 
i^nations  and  «itliK'i|iicnt  cjilriilntion.  Such  instruments 
are  caHe<l  Wattmeters,  and,  though  not  yet  very  widely 
used,  are  intcrestinit  d.i  a  step  in  the  direction  of  the  next 
class  of  instnimcnis,  [he  energy  measurers,  which  are  of 
gre.il  putitic  imimriancc  and  interest. 

Wattmeters. ~  If  the  conditions  of  supply  are  such 
that  dther  the  eutrenl  or  the  pressure  is  kept  const.int 
and  of  a  known  value,  then  obviously  a  suitable  voUmeter 
or  ammeter  cin  be  gmduAted  and  used  as  a  Wsttmeier. 
For  instance,  if  the  current  )>c  always  kept  at  ro  ampbrcs, 
then  the  power  supptie<l  to  any  part  of  the  circuit  can 
be  measured  by  placing  a  voltmeter  arron  that  part  to 
measure  the  volts ;  the  volts  multiplied  by  10  will  j-ive  the 
IKJwcr  in  Watts,  and  a  scale  of  Watts  might  be  mariicd  on 
the  instrument  tnxtead  of  volts. 

'  Tlw  modificalioo  of  lliit  t'toriw.  (Iu«  to  the  impnlccllont  of  ilir 
intlnimmli  «tcd,  in  ihe  um  <A  nliaintte  ami  Buciuming  cutrcni*,  will 
be  dcah  with  k««r  \v*V  AV^- 
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On  ihe  nilicr  li.ind,  ir  ihe  prt^SMirc  maint.ii licit  lictvroen 
two  jioinl^  on  lite  circuit  be  alw.-iya  lOo  volts,  nil  uiiitnctiT 
mca&tiiiiii;  the  current  jussint;  between  iIi'mc  |x>in(s  can 
lie  giiidimted  as  a  WailmttCT.  Toi  tl>c  tiifrtni  in  am|>^mi 
iniilii|ilJcil  liy  loo  will  ijivv  the  imvrcr  in  W;i|ts. 

Ill  tlif  intiri-  ^cm'ral  i-.im:,  tmwcvcr.  ii  s|uvul  inimim<:nl 
will  lie  r('<|iiireJ  lo  iiir.-ittiTC  ihc  \Vntt!i.  'I'hc  SicniL-iis'  Kke< 
Irii-Dynnmomeler,  alir^dy  descrilml  {\affi  365)  can  easily 
be  tnodilieil  foi  the  |iiir|xise.  Att  ih.^t  is  rc<)iiiicd  it  llin) 
tl>e  fixed  coil.  A  A  (I'ig.  190),  be  vround  »ilh  fine  wire.  In 
wrvc  »  n  volEinvtcr,  nnil  its  cmh  brmigtil  lu  twn  bindinft 
Hcrcws.  'I'be  endit  of  Ihe  suHjiciKlvd  tliirk  wire  ctiil,  ^V  W| 
must  be  disconn*ct<sl  from  A  A  ;iiid  brot^lit  to  nnntlm 
pair  of  binding  scn.ws.  If  now  the  ends  of  A  A  Ik-  ton- 
nccted  to  the  cxiremilirs  of  the  part  of  llic  cin:uit  itt  wlikh 
ibe  [lowtir  in  to  Iw  ineauired,  a  »inatl  ciiirent.  proponional 
to  the  volts,  will  flow  ihroiisb  A  A.  At  ihc  sinie  tiiiH- 
the  full  current  is  jussed  iliroiigh  *N  W,  by  iticnns  of  the 
other  jKiir  of  binding  Hcrcwx.  The  rcadinjcs  of  thv  in$tru> 
iiicnt  nru  proporlioiul  lo  the  prvdutt  of  Ihc  ctirrenis  in 
Ihc  fivcd  nnd  movable  coils.  But  as  one  of  these  ciirrenls 
is  the  full  current,  an<l  the  other  varies  as  the  pressure, 
ihc  iwodiiri  will  lie  pr<>]>»rtiona)  to  the  Walts,  iind  the 
inKlnimctit  niay  lie  graduated  as  a  Waltmcter. 

Lord  Kevin's  current- wciubcr,  or  k-danee,  do*<rriI«xl 
00  page  580.  lias  been  modified  to  act  as  a  \\'.'ittmeier. 
In  this  case  the  circuit  of  ibc  movable  coils  is  distinct 
from  that  of  the  (ixeil  coils,  and  its  ends  brought  lo  sejuraic 
terminals.  Tliese  nwivable  coils  are  wound  wiih  fine  wire, 
arvd  wilh  ad<)itioiial  resi.siances,  if  necessary,  aio  pbceil  .-i.i  a 
shunt  across  the  (loiius  l>ctwecn  which  the  IVatts  have  to  be 
inca&tired,  so  that  the  current  in  them  is  proportional  to  the 
P.l),  of  ihat  part  of  ihc  rireuit.  The  full  current  of  the 
ctrcuii  ts  led  ihroiigli  iIk  fixed  coilit,  and  as  in  the  iircvioos 
case  the  inienclins  rorerswill  be  proportional  10  ibc  Walls. 


Cil.rA£CTrO»S    Of    HUrTUeTSKS. 


411 


TIic  two  W'nliniclcrs  just  refcrrwl  lo  i»rc  siiilnlilc  for 
measuring  contiiitHnis  nirrcni  cimiiu  onl)',  Wallnwicrs 
ck«i(invil  In  mviuuri?  lh«  iu)u-ct  giwn  lo  an;;  fan  of  an 
alicmiiii-  I'um-nt  ciri-iiii  nil!  tu-  i)cn:rih(H)  in  the  ncxi 
i!li.i|ili-r. 

'11)1*  cl^i'trical  <'ontMTlionK  of  all  iiirli  fieri >v>  iivip;n«lii: 
Waltmclcrv,  arc  iklHTtcil  (tu){nimn).itic-jilly  in  fi^  iii.  II 
anil  ('  are  lint  icmiinaK  I'rom  wliirh  ihc  supply  "f  i-lwlri*: 
encnty  i^  to  lie  ilrnivn,  ami  II  D  iih<l 
C  I*  arc  ip»i>fi  lively  (Ik-  [loiitivc  an<I 
iivgalive  comliicinrs.  One  of  ihcsc 
fsay  It  D)  is  ciil.  and  the  il)v'i<li<l 
ends  litvuigtil  (<•  the  main  ciirti'iil 
lermiiinN,  a  A,  o(  t)ic  inMniiiK-nl,  %o 
tliat  iIm:  uhoir  nirTcnl  pas&cs  thmitgh 
the  coil  A.  irliich,  therefore,  act*  a» 
an  -iinmi'ler  <*utl.  Tlif  nthiT  ler- 
minal.s,  t  d,  are  joined,  one  lo  the 
positive  lead,  1)  I>,  and  ihc  other  to 
tbv  nc|3livr,  C  V.  Inside  the  invini- 
mert  ihuiii;  ivTmiiKils  ate  jointed  lu  a 
fii»L>  wire  coil,  V,  which  atts  as  the  *  B  '  ^' 

ifoltmetcf  pan.  Of  course,  the  two  ,jj;VMi«^"'»-«j;-«r. 
coiliv  A  ai]d  V,  must  he  so  placed 

thai  the  effeft  pTodu<et!  dci^ntls  ii|»on  the  proJmt,  and  not 
u)i«n  the  Num  of  the  I'tiireiilt  'n\  tht.-m.  R  is  an  additional 
resisuiitce,  which  income  initnimcnts  it  may  be  necessary  lo 
add  to  tlw  voltmcler  eircuil.  in  order  lo  licllcr  fiiifd  (he 
conditions  for  voltmeter  working.  The  current  in  K  i>  lo 
have  no  direct  eflect  on  itiv  defleclion. 


U'c  now  turn  lo  tlie  last  and,  ufion  general  grounds,  the 
muNi  im|]oriant  of  live  electiieal  i|uantiiic«.  the  measure- 
rueni  vA  fdiich   we  have  selected   for  detM-riptioti.     The 
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impoiUnw  nf  cx-ict  iik-n*  iilioin  ciK-rKy,  am),  tltervfnrc,  of 
its  exact  mMffUK-nieiM,  will,  wc  hit|>«,  Itnvi-  ticcii  sulHLicnily 
impressed  U|ion  our  read«»  hf  our  preliminary  fomarkH  At 
\agi:  2^  And  it  is  not  the  IcaM  inti^rt.s(ini;  Of  curioiw  of 
tlitf  rcMill*  or  llic  rci'ciit  itevclH|)nn.'iii*  of  i-U-r ini.il  sricnre, 
tluit  thi.7  luv<-  1(^d  to  the  (lircr.t  l>U)'iiiK  and  Hcllrng  of 
energy  os  vnci^^y,  and  to  the  eMlahlihhmcnt  Svf  Act  nf 
l>nrliaincnl  of  .1  \<r^a\  unit  for  tlic  piirriusc  and  salr.  For 
ccniiirics  mankind  Kis  been  in  Ihc  hahit  of  svtiinu  nn<l 
liuying  cnircy  indi«-cily.  ThuK,  when  our  nncesiuts,  .intj 
when  we  oiirncives,  bought  food,  wlwi  wc  really  vrinhcd  10 
purchase,  ihoti};))  wc  were  |iertia|»  iinconKious  d  it,  w«s 
the  tncTg)  of  the  food,  which.  pTO|ii-dy  applies),  would 
enable  us  to  gtt  thiou|th  our  daily  avocations.  Cunitidcra- 
tions  of  ptatjiiility  and  Ihc  hkc,  though  no  doubt  bulkiag 
more  lat^jely  in  our  mituh,  and  not  iiniinpoitant  in  them- 
selves, were,  after  all,  siib^rvicnt  to  the  main  purpose. 
Then,  again,  in  pureha^itiig  roal  or  fuel  of  any  kind,  wh.it 
we  desire  to  poKKess  and  uxe  is  the  energy  stored  op  iii  the 
fuel,  wliich  wc  Iransfunn  iuio  heat  enerjty,  and  use  or  waste 
in  various  ways.  In  both  these  cases,  however,  the  ihins 
boiiglil  and  paid  for  is  not  so  much  ciftyy,  but  so  much 
jiiMi  of  certain  maierials  from  whi<h  energy  ran  be 
ot>lained  by  certain  well-known  proceHse:!.  Of  counie,  it 
n'ould  I)c  much  more  scientific  to  pay  only  for  the  energy, 
which  is  the  thing  uUim.Ucly  desired ;  but  ire  fe^ir  that  the 
jiTcscnt  Male  of  ehemicnl  and  physiological  science,  not  to 
mention  t)K*  conditions  of  production  and  igue^ions  of 
luxury  and  tasie,  will  no4  a)lo«-  us  to  estimate  the  value 
of  various  foods  In*  specifying  their  nourishing  pfopcniec 
as  measured  by  the  amouut  of  aiailable  enei^g}'  present  in 
them.  With  regard  to  coal,  the  cose  is  different,  and  Urge 
ciinMitncn  tvow  experiment  <uiTcruUy  on  the  calortfin  pttirer — 
tliai  i\  Ihc  numbiT  of  available  beal-iuiiti—or  Die  coal  or 
fuel  ilicy  use.     Still,  though  this  may  regulate  the  prio; 
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they  pay,  the  thing  utlimaU'ly  invoiced  is  not  so  nuny  ht»t- 
units,  but  ioj  many  ion»  (tnas»J  »i  the  Tuel.  The  day  is.  we 
fear,  far  distant  when  thv  octliniir)-  doinesiic  cuiuuiiwr  will 
buy  his  fuel,  not  by  the  ion,  but  by  the  number  of  henl- 
unit.i  <wliieh  are  units  of  energy)  that  it  will  ptoduce. 

To  un<Iemaii(l  1k>w  energy  is  bought  and  sold  electiic- 
ally,  wc  niuit  return  for  n  fitw  inoiiients  to  the  consideration 
of  the  units.  On  page  408  we  have  defined  the  W.itt.  the 
unit  of  electrical  jxiwer,  and  shown  that  it  1^  nearly  equal 
to  44)  fuot-lbif.  of  work  ])er  minute.  Therefore,  if  we  supply 
a  circuit  steadily  with  io  many  Wnlu  for  s,  ineaiturcd  number 
uf  tninuics,  ilie  product  of  the  WiWn  by  the  minutes  and 
by  44i  «ill  give  us  the  loUil  number  of  foot-lbs.  of  ener^ty 
supplied.  This  would  not  be  a  convenient  method  of  cal- 
culating, because  of  the  awkward  constant  (44 1)  involved, 
though  it  would  give  the  result  in  oidinar)'  engineers'  units- 
It,  hoimvcr,  illustr.Ucs  ihc  principle  that  to  ubt.iin  energy 
from  power  we  must  multiply  the  latter  by  time.  In 
shon,  since  power  is  the  raU  of  doing  work,  work  itself, 
or  energy,  nuiM  be  tlie  product  of  jHjwer  by  time;  just  as 
the  total  distance  travelled  steadily  by  a  train  is  the  product 
of  its  rat(  t>\  travel  by  the  time  taken  for  the  journey. 

As  the  second  is  the  electrical  unit  of  time,  the  energy 
in  electrical  units  is  most  sim])ly  obtained  by  multiplying 
the  Watts  supplied  (/>.,  the  rak  of  sui>i>ly)  by  the  time 
in  seconds  during  which  the  tAtc  has  bce-n  maintained. 
The  result  is  expressed  in  units  which  arc  known  as  Joules, 
in  honour  of  l>r.  Joule,  who  ex|>erinit;ntcd  so  lai^ely  on  the 
mechanical  etjuivalent  of  heat.     Thu.i  we  have 

One  Watt  x  one  second  one  Joule- 
This  unit,  lion  ever,  is  tnucli  loo  ^niall  for  oiOinaiy  supply 
purposes,  and  consctiuently  the  Hoard  of  Trade,  exercising 
the  power*  delegated  to  it  by  Parliami-ni,  hai  -<!cclct!  J 
much  larger  unit,  which  i^  now  known  as  ihc  supply  tlDit. 
and  which  is  the  amount  of  energy  supplieil  when  »  power 
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of  one  kiloivaii  (i.ooo  WiMth)  is  ni.iiiilHKicd  steadily  for  mte 
hotiT,      'rhcrcfou-,    lo    ubUfii    ihc    .tmotini    of   li)C((;)-    rn 

supply  anits  wc  must  mtiliiply  the  power  measared  Id 
kilowatts  i>y  xW-  time  in  honri,  for 

One  kilowatt  x  one  hour      oae  supply  unit 

Fcum  ihesi;  Iwo  cigialiunx  it  ix  LM>y  to  set*  tlui 
One  supply  unit  =  3-600,000  Joules, 
since  there  ur«  3,600  sc-coiitlti  in  >jrie  hour. 

Ii  is  to  l*c  rcgrelled  thai  ilic  Hoard  of  Tr.idc  has  not 
adopted  some  decimal  miilii]>lc,  ny  1,000,000,  ur,  licKt-r 
still,  10,000,000,  of  the  Joiile  in  the  iiitil  in  whidi  lu 
iiie.uiire  thv  pulilic  Mi[>|>ly  <A  v\>x\w  cncr)i;y.  As  it  is  wtilt 
Midi  avrkwiird  multipliers  ni  ji^oo  lidn^  inlrtxlixxtl,  out 
declrical  unit*  lluc!il<.-ii  lo  bt-comt  .1^  r<>iH|>|ii:jt«l  in  ihirif 
rvUlions  as  thv  ondirury  tuliks  of  Itrilikh  weights  and 
niea.su  li-a. 

In  all  the  i>rcceding  wc  \im  supposed  ifut  the  power 
i<  supplied  steadily  at  »  dcRnitc  rjitc  for  11  ctf  tnin  iiine.  If 
itliN  tie  not  the  cattc,  but  if  the  pi^nei  tluciuiiles  friHii  lime 
to  lime,  the  sAnv: /•rindfU  of  ctlniUiion  will  Imid,  the  only 
necessary  modi fiir^t ion  being  that  the  time  inuiit  be  divided 
up  into  intervals,  during  mcIi  of  which  n  ccrtnin  stendy  rate 
of  a^ipply  may  be  a.ssumud.  'Hte  energy  supplied  (hiring 
wch  interval  must  tbtn  be  olnaincd  l>y  nmlliplring  this 
rate  of  su|it>ly  tiy  Ih*:  durati^^n  of  the  interval,  and  finally 
the  total  cnctg)'  will  be  obtained  by  uiinining  up  the 
aiiK>unii  of  energy  supplied  in  the  various  int<.-TV3ls.  Tlib 
meihod  of  nat  liing  the  final  result  is  known  ;i»  tHtf^mtitii^, 
and  m.iy  M>Tnctimes  In:  followed  f>ut  by  calculation,  but  b 
usnally  much  Ixttcr  done,  where  posMbtc,  by  appropiuie 
apparatus.  Such  a|)|)arttiis  we  now  ptogKtse  lo  desc-ribv 
briefly. 

Joulemetara- — As  with  die  n'atimeterii,  so  mith  the 
joulemcten,  the  conditions  to  be  fullillcd  t>y  the  imirumcnt 
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arc  very  much  Eimi>Iilti:tl  if  one  of  llic  consiitutnis  of 
clKirical  power— ilini  is  eiihvr  the  prcssiiti;  or  llic  tiirrenl 
— be  kfiH  consUnt.  It  is  then  only  n«;i.-»i;ir)'  to  take  ilic 
iim^inttgraf  of  t1>c  var)'Jng  constituent,  in  older  lo  aMiciuin 
ilie  energy  supplied.  Hy  lakiiiK  ilie  /im^fn/i^r-ff,  is  simply 
meant  ihc  carrying  out  of  the  pfoccss  of  suminEition  indi- 
cated in  ())<;  last  paia(^aph. 


(1|-  Kit.— Kitlurd't  C«i>lombiurici. 

A  simple  method  of  taking  this  time- integral,  and  one 
easily  iimk-iMood,  is  tixt-d  in  ttic  rrgistning  volliiictcra 
and  amnKlets  uf  Mci&i?^  RichanI  Frl-rts,  <)f  I'ari.s.  llw 
sclf-rw:ordi»t;  ammelei  is  rcpiescnlcd  in  KiR.  112.  The 
animctei  coils,  with  Ihe  peculiarly  shaped  niov.tlilcaimatute, 
ctui  be  M.'cn  on  the  right.  The  conlrolliitg  force  which 
balance*  the  magnetic  action  of  the  coiU  on  the  afinaiure 
is  granty.  The  arniatiire  cinies  a  long,  light  poiniiT,  m  the 
cm)  of  which  is  a  pen  resting  ngaiasl  the  cylinder  on  the 
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lcf(,  whicli  id  coitired  nitli  iipiiropriniely  ruled  {M)>cr.  Tlic 
cylinder  i§  driscn  at  a  (Iv6nite  ralu  hy  clockaurV,  aii<J, 
itieTcfurc,  the  pen  traces  a  coniiniiotu  line  upon  it,  Iho 
heifthi  of  wlikh  »Ikivc  the  xcro  linv  (letKnds  ii|M>n  ibo 
tiuiiilM.T  uT  ninji^res  (M.SMiig  llir<>iit;h  tliv  coll.  U'licn  (he 
cylinder  has  travelled  nearly  once  lound,  the  Kheel  of  iia|>cr, 
with  its  recording  line,  i»  tciimved,  and  a  Cic^ti  slicct  duIhj 
Milutcd.  In  some  in:iiniincnt&,  instuid  of  ihis  cylinder 
hand  of  paper  is  drawn  p^si  the  pen  al  a  definite  s|>eci). 
On  laying  out  ihc  used  nheet  Hat,  the  ri;<:urdii));  line  in  Ken 
as  an  irregular  curve,  the  vertical  ordinutes,  or  diktanceK,  on 
the  p»[>er,  re  present  iii}l  (current  in  aii)|H:fC4,  and  the  liori- 
gonial  di&Unccs  seconds,  or  multiples  ih.rcof.  Area^  on 
[he  puiwr,  therefore,  represent  the  product  of  a>ii|>i.-r<:i  Ity 
seconds,  ttiat  is,  coulonibsj  and  by  incasurii^  the  area  lieluw 
the  traced  line,  or  by  counting  ttie  number  of  Utile  curvi- 
linear rectan^^les  in  that  are.i.  the  number  of  coulombs  tii.it 
passed  through  the  coils  whilst  the  line  wax  being  traced, 
can  be  calculated.  If  the  paper  be  perfectly  uniform  in 
thiekncsN  iind  ipiatity,  it  in  also  ])Os»ilile  to  estimate  tile 
couloniba  by  cutting  out  tlie  above  area  and  ircighing  iL 
A  vcitical  fixed  scale  is  placed  just  beyond  the  rct.o*ding 
jien,  Ml  that  the  inntrument  ran  also  be  tued  as  an  ordinary 
amtuciet. 

The  coulombs  being  thus  measured,  if  the  supply  has 
been  at  constant  pressure,  the  product  of  the  coulombs  by 
the  volts  will  give  the  "juule^"  nnd  iltesi^  divided  by 
j/iCKi.tico.  uiil  j;ivc  till'  iiuiji!)c(  of  BiKiril  of  Trade  units. 

Electrolytic  Coulombraeters.— Since  the  ntcasure- 
meni  of  the  coulombs  can.  with  a  supply  at  constant  1'.  (1., 
be  used  to  Hnd  the  total  amount  of  energy  xu)ii)lied,  and 
since  the  voUamtler  in  essentially  a  couloinbinetet  <fM 
page  305).  man)  attempts  have  been  m.ide  lo  deiisc  a 
voltameter  which  cin  be  used  for  the  mciBurcmcni  of  the 
coulotobs  drawu  from  a  i^stem  of  publk  mains  by  bouse- 
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holders.  One  of  thcuc  which  i»  v«ry  wi<3(^)'  used,  was 
designed,  nnd  ha*  hcvn  brought  i«  aie-M  fierfctUon,  l>y  Mr, 
Edismi ;  ii  K'ceni  fonn  o(  il  ii  shown  in  Fig.  3 1  ^  'I'hc  four 
bottles  in  i\w  bottom  pari  or  the  cue  arc  llw  volLunclL-n, 


wUkIi  consul  of  zinc  |)Utes  in  a  «oli]iion  of  stilph^tv  of 
zinc.  The  plaws  arc  made  of  pure  zinc  allo}-cd  with  3  pcr 
ccni.  of  mercury,  and  niimcxnu  cx|>cTimciit»  liave  shomrn 
thai  such  |ibi(<»i,  in  a  soltilion  of  pure  line  wilphatc,  can  be 
Klfed  upon  to  give  an  acniratc  roessure  of  the  number  of 
nn 


418 


Tmk  Bi.ncrKK  CUKttMsrr. 


cotilcimU  ))n»ci  tl  will  be  at  once  olmous  that  the 
voltniiicicfs  ^own  are  much  too  small  to  measure  the 
whole  cuni;nt  supplied  to  a  hoase.  Afi  »  matter  of  Tact, 
only  a  small  fraction  of  the  (.iinvni  jasscn  through  tlic 
voltuinctcr,  the  fraction  beinji,  m>  ^mn^vd  that  :t  driwsiunn 
of  10  niillifiranime9>  of  nine  corresponds  to  r,  a,  4,  or  8 
amp^K-hoursi  accotdin^  to  the  standBrd  [xilttm  of  meter 
used.  These  nuititjcis  <;(irivs|)onU  to  llu-  [us.vigvur,  J^,  ,|,, 
,Ij,  and  ft  I,  of  the  loial  rtirrcnt  Tet.jM.'ciively.  The  full 
cutTct)!,  except  that  used  for  mi.-ASureinci)l,  [Kissea  thtoiit;h 
the  ti^-r.a^  Gctniaii-silver  resistance  seen  in  Ihc  upper  cow- 
ixiftnieni  uf  the  auc,  and  the  \ul(anieler.  tiith  an  addctl^H 
(-0)>})er  wir^'  tcHiMjncv,  i*  (tlii<:»l  m  a  »hiint  nfron*  the  eKdW^B 
of  the  (.German -silvef  sirt{K  As  the  k'tn|n;ralurc  varies  ftnm 
siimnK-r  to  winter,  the  Orman  silver  strip  docs  not  thange 
rauLli  in  re»ii]Aticc  -iruj  the  UKunI  fall  of  polcnciul  atonjt  ti  is 
o'4  of  a  volt.  The  resistance  of  the  /ino  sulphate  solution, 
however,  diminishei  with  rise  of  temperature,  whilst  that  of 
the  eofii^r  eoil  increases.  'I'hus,  the  variation  of  the  resist- 
ance of  one  part  uf  the  shunt  rJr<:uil  li-nds  to  coimier- 
halancc  that  of  the  other,  with  the  result  thjii  its  ratio  to 
that  of  the  resistance  ol  (he  (jerinan- silver  strip  rcmaiits 
[iractically  constant,  and,  therefore,  the  same  fraction  of 
the  total  current  is  measured  in  sunimci  and  winter.  The 
plates  arc  examined  on<:e  a  month  by  an  ins|>i-ctor  fiotii 
tlw  |>uljhc  supply  station ;  when  tin-  proper  time  mrivcb 
the  vtdtanieter  Li  nrrictl  away,  a»d  tltv  rhange  of  weight 
of  the  kailHKle  platen  deti-rmiitcd,  so  that  the  |)Tut>i-r 
nmiibei  of  coulonilis.  or  of  Uoard  of  Trade  units  i**^)'  l*^' 
charged  to  the  consumer. 

The  meter  .shown  in  Kig.  313  t>  intended  for  use  on 
the  three-wire  sy»teni,  which  will  he  dcscrilied  in  the  next 
scctioD.  Tiie  two  mips  of  Ucrnun-sdvcr  resistance  are  for  use 

'  One  amfirtJMtr  ^  I  amf.  *■  3,600  tftvnJi  =■  3,600  iMUbM^i. 
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one  on  ihc  one  side,  and  the  other  on  the  other  side  of  tlic 
syKlvnt,  In  Komc  (.-.nrlicr  forms  of  the  meter  a.  ^low  liini|>  was 
plaoeil  across  the  two  upper  wires,  and  inserted  in  Ihc  case 
in  winter,  to  prevent  the  sohition.s  in  the  t-oltaniL-teri  from 
freezing.  The  coiiloniba  passed  through  this  rIow  binp 
wtn  not  mCAiiured  Ij)  the  \-ollamclers.  Though  at  tiri^t 
sight  the  nccctsity  for  periodicnt  inspection,  and  the  removal 
of  the  meter  for  the  purpose  of  weighing,  would  seem  lo 
entail  a  eonuderablc  increase  in  the  u^tablishmenl  charges 
of  the  central  station,  actual  cxiKiicncc  shows  that  when 
well  org:inised  the  cost  is  nut  heavy.  I'erhapx  a  more 
serioiu  oltjection  i*  thai  the  consumer  has  no  kind  of  check 
(in  tlie  <'cnlral  itjition  olficiAU,  since  he  cannot  be  present 
at  Ihc  wciyhiiigi.  aiid  ha*  no  independent  record.  'I1iis 
ohjeciion  is  said  not  to  have  been  found  very  inipotUnt  in 
practice,  as  ihe  coiwuiners  are  rejjorted  to  be  satlslied  iK-ti 
the  accounts  sent  in  correctly  charge  for  the  energy  sup- 
plied. A  funhcr  ob)eciion  is  that  the  consumer  cannot  by 
inspection  from  d.iy  lo  d.iy  ascertain  hon*  much  energy  he 
in  usii^  and  thus  keep  control  over  the  wastefulness  and 
extravagance  of  servanis  and  other*. 

Other  Forms  of  Public  Supply  Metera.     The  rapid 

extension  vt  ihi-  supply  nt  eivitric  eittr^y  from  ceutral 
Stations  has  rendered  urgent  the  production  of  a  good 
joulcmctcr,  oi  tHtrgymtUr,  adapted  lo  the  niCJisiircment  of 
the  .ictual  energy  supplied  to  the  consunni,  just  as  a  gas- 
melcr  Ls  uippused  10  mai.iure  the  total  i|uantity  of  f,SA 
delivered.  The  demand  thus  treated  has  been  responded 
tu  by  itiany  inventors,  and  numerous  instruments  designed 
to  satisfy  it  have  been  produced.  tX  iheic  in^trumtnts 
only  two  ur  three  can  be  described  here.  These  ate  selected 
from  amongst  thode  that  have  come  most  widely  into  use, 
but  there  are  others,  perhaps  as  widely  used,  which  must 
be  passed  by  unnoticed.  The  se)e<:tion  has  been  made 
ntlMf  vrith  respecl  lo  the  diief  principles  utilised  being  sd 
una 
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forlh.  It  iiijy  lie  ritiurked,  in  |>.-i!>Hini;,  Out  tkt  nien-t  wltitrh 
is  to  «u{)cr»c(Jv  all  olhcni,  ha^  not  yvt  suDkivnlly  HSUCTied'l 
itself,  .ind  lliut  il  is  iiniKMHilrfc  iii  iIk-  |in:M.-i>l  inoitivDt  Xo 
say  wliicli  wilt  succeed  in  the  !tinigf;lc  for  the  "  ^unival  (iT 
llic  fiiicM."  In  till*  atfuggle,  |ir<n')ded  an  insuumirnt  Iw  in 
itself  ^oixl,  btisini-ss  cnrigy  and  vnlcrprisL*  nill  Idl  ns  mucli 
a^  scientific  mcnl. 

Fioni  the  i>oini  of  view  of  tlie  consumer,  ihc  oondiuon* 
to  be  fulfilled  arc  com jwra lively  siin|tle.  Accuracy  uandx 
first.  'I'hvn  Kiin|iti<:i(y  or  i(K  L-iiuiVAlcnl,  naincly,  small 
1i.)t>i1ily  lu  (•et  out  of  Order.  AliM  it  i»  (lesir.iMc  that  the 
iiK'tci  sliuiild  cxliibK  on  a  dial,  m  diaU,  a  rci-urd,  whirl)  caD 
\>ii  inHt>ecled  by  itK  consumer,  uf  the  total  t-ncifiy  «hlch 
has  ln-cn  mcANUK-d  u|)  lo  the  lime  of  ioiiicclion,  Again, 
nu  mure  aitciitton  sliouhl  tic  rL-iiiiintl  ihan  ran  Itc  lifvn  by 
jicriodical  vtxiU  at  long  intervals  by  a  tkilW  inx|M.-clor  from 
the  central  station.  \M\\y,  tltc  meter  i^lMiild  mil  consume 
much  energy,  as  eiicr^  so  consumed  is  practically  lustt 
either  to  the  supply  company  or  to  [he  con^URier. 

The  inont  Kiiisfactory  instruments  other  lliin^  being 
equal>  are  obviously  those  which  measure  energ)'  directly, 
am)  not  ihoKc  whith  only  do  this  indiicctly  by  mentniring 
one  factor  (the  a>ulfm!>s\  and  leaving  the  <:oiutancy  iil  the 
other  fjicior  fihe  tvili)  lo  chance.  The  fullowiiiK  in&tTU- 
mcni5  fulfil  this  runditirm. 

Aron'S  Energy  Meter.  -Many  years  ago  (in  iSSi), 
I'riifesuns  Ayrtun  and  I'erry  coii--*i(ucti'<l  an  eiiernv  invier, 
in  wliiih  Uii;  ekxtric  ciiciny  was  measured  by  Uie  allcialioD 
ctectro-niagnetkally  of  the  rate  of  a  well-conslmcieil  clock. 
A  vollnii-tcr  r<*il  of  high  t«tstarMc,  pUi:ed  a.s  a  .shunt  in  the 
circuit,  viA\  aitacW-d  to  thtr  cnil  of  the  jieiidulum,  beluw 
o'hich  was  a  staiionar}'  ainnieier  coil  cairjmg  the  full 
ctirrcnu  'ITie  mutual  a«ions  between  the  ctnrcni*  in  the 
two  coil^  altered  the  rate  at  whkh  the  pendulum  swunK  by 
aa  amount  pruponioiu]  to  the  product  of  tlic  two  currents. 
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antl  llKrvfore  propoitional  lo  the  watts  under  measurement. 
The  swin^ini;  of  tlic  iwndiiUim  ad'lnl  up  or  intcgrnioci  nil 
these  alterations,  .-ind  ronuriiuenily  the  Xmnunt  \rj  whirh 
the  clock  wont  nronii  durinj:  the  whule  |>tTio(l  il«ih  with 
wat  i>ro]>i>rlional  to  the  total  energy  to  lie  measuicd. 

The  chief  difficiilly  in  rarrying  out  the  Jden  was  to  get 
a  cinrk  whi<ih  should  go  with  nbsolute  nrcuracy  wtien  no 
currents  were  parsing,  or  at  least  one  whti.-li  should  hy 
itxvir  );,-tin  or  lose  with  iwrfcrl 
rr(;i)brity.  Ilr.  Aron  has  met 
this  dirticultjr  by  ming  two  clocks 
contTollod  by  two  scjxiratc  i>en- 
diilun'K.  The  ordirury  clock 
Aiec  f>  removed  and  Tepla<:cd  b) 
a  svt  of  counting  dial^,  Muiilar 
to  tlioscuscd  in  gas  meters.  The 
first  of  these  is  so  jieurnt  Ii>  the 
mecltanism  of  l^h  clocks  that 
when  the  pendulums  arc  swinging 
synclirontiusly  no  record  is  made 
on  t)K-  ilials ;  in  fid,  the  clocks 
arc  set  to  w^ri  again&t  one 
anoltier  on  these  recording  dbls. 
The  |>enduhnns  are  so  adjiuted 
lliat  when  there  arc  no  currents 
passing  through  the  meter  they  keep  time  with  one 
another,  and  this  condition  of  no  record  is  atiained- 

In  the  meter  dcpietdl  in  Y\%.  214  the  pcndidum  of  the 
left-band  clock  \%  an  ordinary  pendulum,  and  is  iinalTixtcd 
be  the  currents  in  the  uieier.  'The  righthami  pendulum, 
however,  is  of  very  special  coniiniction.  The  bob  crinsiMi 
of  a  hori/ontal  spindle  fu«l  vvt  shown,  and  carrying  a  fine 
wire  coil  of  hi^th  resiiiance,  which  i«  placed  as  .1  shunt 
ai-roM  tbc  terminnfs  of  (be  Iioukc.  or  that  (Mrt  of  tlK  t  irc^uit 
the  consumption  of  energy  in  whi<:h  has  to  be  mcasur«il. 
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It  thus  itcis  a§  u  voltinuter  roil,  tlie  cunent  in  it  beii>g 
pro|)onion.-il  to  the  (irvi^tiirc  at  llic^-  tcrminah.  Surround- 
ing thi.i  moving' coil,  aitd  co-axinl  with  it,  »  a  fixc<l  coil, 
con^stinc  of  .1  few  \mw>  of  thick  wire,  through  which  tltt 
full  current  supplied  w  jiasscd.  'I'hi:  muiunl  fon'c  lii-twitn 
the  coils  in  any  |>ontion  varies  as  the  prodtici  o(  the  iwn 
currenu,  one  in  e.icl)  coil.  But  one  of  these  currents  con- 
sists of  the  aaual  ain]>bn;s  supplied,  aitd  the  other  is 
[iropurlional  to  the  volts ;  the  product  is  therefore  \«i\- 
poclional  to  the  voh-ampfrrex  or  watts.  Now,  ihix  nitituni 
force  aUers  the  time  of  nwini;  of  the  right-hnnd  pendulum, 
and  ihereforc  the  two  pcndulurws  no  longer  swing  in  unison. 
The  dials,  therefore,  begin  lu  record  the  difference  in  the 
swings,  which  is  proportional  10  the  forces  culled  into  play 
oil  the  righitiaii<l  side.  I'he  actual  amount  recorded  will 
depend  not  only  on  this  dideicncc.  but  also  on  the  total 
number  of  swings— that  xk  on  the  time.  Tlius  the  record  is 
proportional  lo  watt.i  multiplied  by  lime — that  is,  to  energy 
measured  in  joules —and  by  a  proper  calibration  expcrintettt 
the  actual  amount  of  cner),7,  either  in  joules  or  Itoard  of 
Trade  units,  eorrespondin);  in  one  dtnsion  on  any  of  the 
diah,  can  be  ascertained. 

A  large  cbss  of  meters  arc  simjtly  small  cleeirir  motors 
actuated  by  ihc  nirrcnl,  and  with  a  counting  arrangement 
to  record  the  tola  I  number  of  re\-o!ulions  of  the  aimaiure. 
The  aim  is  to  make  the  speed  of  revolution  exactly  jiro- 
ponional  to  the  power  sujiplied,  in  which  case  (ho  total 
number  of  revolutions  will  t>e  proportional  to  the  total 
cnerg)*.  ()ne  of  the  Kim|>lest  and  mmt  ingeniotis  of  huch 
meters  designed  by  Professor  Elihu  'Iliomson,  and  use<t 
targc^  in  the  United  States,  is  shown  in  Fig.  115.  The 
electnc  motor,  whkli,  as  cxidaincd  at  page  696,  is 
simply  a  dyiiamo  worked  backwiirds,  ronoists  of  n  druB 
unnaiure,  M,  moimled  on  a  vertical  saw,  .A,  arul  wour 
with  line  wire,  which  forms  part  of  the  shunt  or  volimeii 
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circiiii  tif  the  nwwr.  l*h«  current  is  tntrbduccd  inio  ihe 
amiatiire  in  the  iiiiu!  way,  by  means  of  ihi:  limslic-'  .in<l 
commuUior,  nnd  \o  avoid  the  unrcrLiinty  <iuc  lo  dnnge  of 
pcrmMbilitj-  in  iron,  none  of  this  meUil  is  used  «ilhcr  in  ihe 
;irmattire  or  field-niagnet  jxin  of  the  motor.  The  field 
inngnelt  are  the  two  large  coils  whkh  are  so  jaomiiieni  in 
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the  tenure.  These  coils  carry  the  full  ciimrnt  uipplied, 
and,  as  tlKic  is  no  iron,  imscliii:^  a  field  through  (he  armature 
very  awriiraicly  prnjiOTtional  to  this  current.  In  scries  with 
Ihe  armature  conductor  arc  a  few  luins  of  wire  on  the  field 
mj^ncts ;  but  the  Biealcf  pari  of  the  resistance  of  the 
shunt  circuit,  consists  of  a  n on- induct i ve '  rcsiitancc,  the 
presetice  of  which  in  the  volmitler  circuit  enables  the  meter 
to  be  uud  foi  alternate,  a^t  well  :ls  continuous  currcnL-s. 
In  the  lower  part  of  the  meter  b.  the  brake,  which  retJidH 
■  For  Uw  monini!  of  iIim  term,  xe  p.  4S0. 
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the  motion  of  ihc  amulurc.  It  consists  oTn  disc  of  copficr, 
0,  moitntcd  on  the  s.imc  axis,  and  rotating  b«twci-ti  iIh- 
prjU'ii  of  ihKc  honu-slioc  slccl  magniMs,  It  1:4,  in  fiict,  nn 
ap|)liaiUon  to  a  pTturlicnl  |)ut|>om;  o(  I-'oucjiiIi'a  ckpentnent. 
described  on  pttgt  188.  As  iIk  'tiw  rotnles  currents  are  aei 
up  in  it  which,  !>)'  Ixn/'s  l„-iw,  tend  m  stci|)  llic  rotaiiun. 

The  princi|>lc  on  which  the  motor  works  is  t.-ik'il)'  under- 
stood. When  ctirrenis  arc  fluwinj(  in  ))Oth  the  annAimc 
and  the  fteld  RMKnei  coilH,  the  mechanknl  oouple  tending 
to  turn  the  unnatutc  ia  proportional  to  the  product  of 
these  airrvjiis,  thai  is,  to  the  unils  to  Itc  mclvred. 
'I'lic  couple,  with  whi4:h  tlw  i-kctro  ni.i{;iietic  brake  lends 
10  sioj)  the  rotation,  is  directly  pro))ortioonl  to  lh«  speed, 
and  when  the  speed  liecometi  uniform  thc^  two  cixiplea  arc 
exactly  equal.  'Itius,  for  a  stc.iily  lale  of  lotJtion  llic  sfKrcd 
it  proporlional  to  (he  watlt,  And  the  mimher  of  revolutions 
kis  onl)'  to  he  cotinivd  to  nuettuin  the  total  energy.  This 
counting  w  done  h)'  means  of  a  worm  on  the  uj>pcr  end  of 
the  a.tis  ge.iring  into  a  toothed  nhi-d  which  Aclti.-ites  ihc 
cotinting  mi-chanism.  'J'hc  dials  <\in  be  in;td«  In  rei^tird 
Roatd  of  I'rade  unita  (Icilou-att-houra)  directly,  b)>  dtlier 
inoving  the  maifnets  of  the  elcctro-nuit;netk  brake,  or 
allertng  the  non-inductive  rcsistaiKc. 

'lite  above  c\an)i)lc  will  give  our  readers  a  gcneial  idea 
of  the  way  in  which  the  "electric  motor"  meters  work. 
The  chief  diAiculiy  b  10  so  adju&t  the  rcUrding  forces  that 
at  all  loads  tlie  spi'ed  shall  Iw  strictly  |>ra]K»ii<>nal  to  tl»e 
watts,  tu  the  Elihu  Thoroson  meter  nianneiic  fii<:tion  is 
used  for  this  purpoK.  In  others  some  form  of  fluid  friction, 
cither  of  the  air  or  of  liquids,  is  employed.  Another  difh- 
ndly  is  to  so  dimini.sh  Ihc  sulid  friction  resiMancci  that  ihi- 
meier  nill  nm  on  light  Unds.  For  instance,  some  uity- 
Ump  meters  will  not  move  at  all  wlien  only  one  lamp  is 
burning.  The  6uti}c<:t  of  alternate-current  nieiers  will  be 
briefly  referred  to  in  the  next  chapter. 
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ALTERNATE    CURRENTS. 

the  precerling  cliapiert  of  this  scr-lion  we  hove  endn- 
voured  to  aci  foilh,  in  .is  siiii|ilc  a  form  as  a)>|>ears  pnssilnle, 
ihc  laws  which  govern  the  steady  flow  of  the  cleclrit  currcDt 
[  M  K  conductor ;  these-  bws  are  the  rmlromc  of  direct 
exfieriment.  Wi:  have  aUo  shown  how  the  bm  have  led  to 
the  clalwraiion  and  constTuction  uf  instrumeniK  designed  to 
incastire  ihc  vaHuih  (ju.-iniiiieK  Ini-oUcd.  whether  these  be 
cura-nt  Uieiiglh  or  |tfcs*iitc,  or  whether  they  be  the  still 
mote  iuiporiant  phjsical  entities— encrgj'  and  power.  Wv 
have  ptirposcly  rcfmined  from  considering  the  luiriicular 
casex  in  whieh  the  ctiirent  is  it/rt  a  lUaiiv  oriv,  b\.n  hss  a 
\_fiuftHatiiis  or  *n  «xillat&ry  character ;  that  is,  where  the 
magniliidc,  oroftcntinii-s  both  the  imgniiude  and  direction 
of  the  nitreni  arc  loiiiinually  >:h.-ingit^  in  a  more  or  lew 
])erio(hc  tniinner.  I'he  reason  for  this  counr  ift  not  that 
any  new  principles  or  laws  arc  involved,  othci  ihnn  iho-sc  in 
which  wc  have  already  drawn  attention,  but  because  the 
appltcation  of  the  piindplcs  and  lavrs  to  these  cases 
invoUeK  some  curious  an<l  most  interesting  conse<(nenccs, 
which  we  think  will  be  more  readily  appreciated  if  brought 
lagethcr  in  one  place. 

The  kinds  of  fliictiuitions  of  currents  with  which  we  have 
to  deal,  are  someiimes  dividetl  into  two  elavies.  'Ilic  first 
is  usually  referred  to  as  a  ptilsnfing  or  uHduiatory  current, 
,  and  is  such  that,  whilst  the  current  is  always  in  ihc  same 
Jirtttu"!-,  its  m.-tgniltide  varies  Wlwccn  ctrUiin  maximum 
and  mimmum  limitt.  It  may  be  likened  to  thf  flou*  of  hlood 
in  the  aiteiics ;  this  flow  is  always  in  the  same  direction. 
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bill  is  .-ittcinalely  (itiickcr  as  die  heart  Iwat*  an<l  ■slowrr 
in  ttic  iiilcrvals  between  the  Iwals ;  i(  we  were  i»ea«itnng 
the  How  Trom  instant  to  inslant,  vrc  xhoiiUJ  find  that  it  was  a 
/mlitaiiN^  How,  Eleririi-  rtitrcnis  having  the  same  characicr 
arc  widely  employed,  more  especially  in  coniveciion  with 
telephony. 

The  other  kind  of  ctirrcut  flkietiiniiom  >re  those  hi 
which  the  eunent  is  alternately  in  •*f<fn<iitt  4irtfiiim%  ■  ■  that  ta, 
it  h.'ts  at  one  instant  a  certain  maxiiiium  value  in  tin«  di- 
Tcciion,  and  then  Tails  to  iktq,  is  reversed,  and  riws  lo  a 
corresponding  value  in  the  opposite  direction,  from  which 
it  again  falU  to  xero,  is  again  rcvcfMd,  and  rites  to  lu 
foniKT  value  in  the  first  direction ;  these  i:h;iiigcs  licinK 
repi^ated  nver  and  over  again.  Such  ciirreniK  are  nxaally 
referred  to  as  nuilialMy  or  alttrvatf  cuneiils.  The  chAn|;e9 
which  they  undergo  may  be  compared  with  the  movements 
of  a  pendulum.  The  central  position  of  ihc  h«h  is  the  /crti 
position,  or  poMlion  of  rest,  and  r(>rm|>ond&  to  tlve  con- 
dition of  no  current ;  whereas  the  positions  lo  right  and 
left  of  il  may  Ix-  regarded  as  co*resiiomling  to  c«rrenl«  in 
opposite  direction.^  .Slarlitig  from  its  exiieine  |Kxtilii>n  on 
one  side,  the  bob  pa»tses  through  the  lero  position.  tiMM  Id 
the  extreme  povitioii  on  the  utiier  side,  again  rclunis  to 
xeni,  and  liseK  again  to  iu  finit  iKwilion,  lo  repeat  these 
chanxcs  over  and  ovci  again  as  Iodk  as  its  motion  conitnues. 
Kkciric  currents  having  a  similar  oscillatory  character  are 
used  in  ivIei>hony,  but  hftv«  ACi]uired  great  importance 
during  titc  last  few  yearx  in  conneclion  with  the  much 
heavier  work  of  electrical  engineering,  nvorc  es]>ccidlly  in 
ck-ctric  Ughting  and  transmission  of  power, 

In  nhal  follows  wc  shall  not  ntake  any  distirwrtton  Itc 
iwecn  tliese  tiro  daues  of  fluciuaiing  eurrenbt,  iltuugh  our 
remaiks  will  l>c  more  e^>ccially  applicable  lo  the  second 
cbss— namely,  ihe  "  atUrnalt"  curremt.  In  boih  eaten. 
Imwcver,  the  ailditiono)  (actor,  whtdi  causes  thetr  Wlviviour 
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to  differ  from  tlut  of  stca()>'  curiculs,  is  llie  same  ;  and  if  vre 
irn<'c  oul  its  ronsc()Ucnccs  in  one  case,  there  will  lie  Ittltc 
difticull)-  in  forcsvriitg  at  lcn«  iti  chief  effcHs  tn  the  other. 
This  ;tddiir<>rv.-il  factor  i.t  (he  electric  jireMiire  caused  by  the 
aelf-indnction  nf  the  circuti. 

Laws  or  Allornate  Curront*. 

We  have  alreadj-  (pA^s  183  to  1S5)  Iviefljr  dcscnbed 
what  w  meant  by  self-induction,  and  )M>intcd  out  il«  effect 
when  a  circuit  i»  ina<le  or  Itrokcn.  In  each  case  »e  found 
that  the  sclf-induclion  M'ts  u)>  a  prcsstire  or  an  K.M.F.  in 
the  circuit  which  tttards  the  ctian^-  that  is  l.tking  place. 
When  the  cirruil  ts  first  made  the  self- induct  ton  retardi  tkt 
rh(  iif  the  curreiH,  aT»d  when  the  circuit  is  hmken  it  rttar^i 
Me/a//  afthir  cuncnl.  A  moments  consideraiion  will  show 
t  the  same  kind  of  effects  must  be  produced,  not  only 
en  tlie  i-iirrenl  in  inndc  or  broken,  bm  also  when  any 
iiikes  place  in  either  iiK  niagniiiidcor  direciion.  For 
the  numKi  of  lines  of  magnetie  force  which  pass  through 
liny  ciTctiil  dc^icnds  not  only  on  the  »ize  and  sha\>c  of  ihe 
circuit  and  the  eharaaer  of  the  surrounding  medium,  but 
also  upon  the  maxni/ude  o/  tkt  airrtnt  in  Uic  circuit.  If, 
therefore,  ihe  magnitude  of  the  eurreni  !«  altered  in  any 
way,  the  number  of  lines  passing  through  the  circuit  wiil  be 
dunged,  antl  w/ii/tt  t/iis  'illeralioH  if  /aking  f/(i(t,  the  laws 
of  magneto-electric  indurlioii  (p.ige  174)  tell  lit  that  there 
will  be  an  inductd  F..M.F.  in  the  circuit,  and  that  this  in' 
duced  E.M.F.  will  be  »ich  as  will  tend le  re/tird  the  change 
which  causes  it ;  that  ia,  in  this  case,  the  change  of  current. 
The  chief  peculiarity  of  self-induct  ion,  therefore,  is  that 
it  only  affeci$  the  current  in  a  circuit  when  that  ruireni  is 
chui^jng  iu  value:  Let  it  be  remembered  that  (Iiis  is  due 
to  the  Eact,  that  with  each  alteration  of  current  there  in  an 
alteration  of  the  amount  of  s/ram  energy  itortj  in  t/ie  sur- 
rending  medium.    Thus  when  the  current  is  iiKreased  the 
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ijiixntil}  of  ciicrny  so  storctl  is  incrcasai  also,  and  ilic  incTf jse 
in  ihe  Ktori.-d  energy  txring  obtained  from  the  energy  uf  lUe 
curreni,  (h.it  t  iirrcnt  must  have  les«  tiun  its  5nal  vnUic  whilu 
the  [)n)cci.s  «f  Kiitrtng  is  progrewtng,  On  ihc  other  haml. 
<rlicn  ih«  current  is  diminished  Ihc  iimwini  of  «ncr){)'  sioird 
in  the  medium  \%  also  diminished,  and  the  dilTcrcnce  between 
the  c|ijantilie«  of  stored  energy  belonging  to  ihc  larger  and 
smaller  values  of  the  current  is  rcsioced  to  the  dreuil  in  ttie 
form  of  eurreni  cner^ry  rehich.  whilst  it  is  coming  in,  keeps 
Ihc  curreni  in  llie  arruit  above  it>;  linil  vatue. 

Before  wc  proceed  to  consider  s|i«Ul  ca»ei»,  we  must 
explain  the  mcAiiin^-  of  the  lerni*  ovAV  nixl  frriodic-  -terms 
which  n-e  shall  frequently  hi\t  to  employ.  Any  set  of 
changes  is  ^tr/t'i-  when  the  function  subjected  to  change 
returns  after  ihc  elunges  to  its  initial  value  or  state,  so  that 
Uic  net  result  of  the  dianges,  as  ^ir  a*  the  function  considered 
is  concerned,  is  ail.  The  changes  are  not  only  cyclic  but 
ptritHlU  if,  when  the  fuiiclion  has  returned  lo  its  first  value, 
these  ehangex  arc  re/vaftd.  again  and  agjiin,  in  iweci.icly  the 
same  onler.  Thu*,  ihe  motion  cif  a  |iemhilum.  or  of  the 
fly-wheel  of  a  sieam  engine,  is  cyelic  and  jKriodic,  whilst 
the  motion  of  n  train  on  the  Inner  Circle  or  Underground 
Kailvniy  of  l^iidon  is  cyclic  tiui  no(  periodic,  becau'ic  ihc 
details  of  the  ^m^cessive  cydcx  nre  not  precisely  similar.  In 
periodic  changes  ihc  time  taken  to  go  through  a  complete 
cycle  is  called  Ihc  fenmlk  time,  or,  more  shortly,  the 
ptrioJ :  whilst  the  number  of  complete  cycles  in  a  eivcn 
time  (for  insianre,  in  one  second)  is  known  a.s  the  ' 

Let  us  now  endeavour  to  trace  Ihe  eftect  of  - 
tk>n  on  a  simple  circuit,  in  which  the  E.M-K  dtK-  to 
cxtenul  causes  is  an  oscillator)'  or  ahcrnatc  one,  and  in 
which,  llterefure,  ihc  resulting  nirrcnls  hare  neces«rily  a 
similar  character. 

For  this  )iut[)Osc  wc  select  the  casi.*,  already  parti)'  con- 
sidered {viJ*  page  193)^  of  a  6itD|)4e  loo(>  ruuttng  nt  » 
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nnifonn  speed  in   a  consum  maKneik   field.     Wc  liavc 

Jprvviously  shown  ihai  the  li.M.F.  induced  in  ihis  loop  can 

>e  graphically  depicted  in  n  ctim  which  we  tcprodurc  here 

'(I'i^.  :i6)  with  sonic  additionK.     The  poiniM  on  tliu  line 

\  X'.  miirenent  Nuccc>.tive  iiiKtaiitH  of  tirw,  atvd   i)ic  /r/- 

endiaihr  distances  of  tlie   points  on  the  various  curves 

om  this  line  represent  .11  c^ch  infant  the  values  of  the 

3U.intt[i«K  to  which  the  curvx-.E  refer.     'I'liese  tiiiantiliex  hxn 

ositivt  raluei>  (U.,  have  a  rvrtain  <)in!ction)  fof  all  positions 
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t<e  X  X',  whikt  their  values  xk  lugalrtK  (i.e.,  have  the 
apposite  direction)  for  all  ))osiiioii.-i  Muu^-  \  X'.  In  all 
graphic  ti|;(ures  of  lUis  kind  these  convi.-nlions  will  bv  used. 

rin!  curve.  V.  E'  K,  rcprcM'iits  the  E.M-K.  set  up  in  llic 
circuit  by  in.i^jiKto-clcclri*:  inducliofi,  as  eK[i]aineil  at  |isgc 
195.  'Hiis  we  iXtaW  t>rtetly  refer  to  as  the  impreatd  E.M.F. 
It  takes  account  of  all  the  K.M.K's  in  the  circuii,  with  Ihe 
E:xce|>ti<>n  of  thoK  due  to  !>eir  induct  ion.  'I'hc  correspond- 
ing  current  is  shunn  by  the  fiiie-line  curve  (_'  C  C".     The 

cakn  for  the  two  curves  arc,  of  course,  different,  one  t>ein^ 
5n  voUs  and  the  other  in  ampim. 

The  first  peculiarity  that  we  notice  about  the  current- 


J 
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cutt-e,  C  C  C",  is  that  it  lagi  bekt'wl  the  E.  M.  F.  curve.  For 
insuncc,  ihc  maximum  value,  C,  of  (he  current  occurc 
tiller  than  the  maxiimim  value.  B',  of  (he  E.M.F.  by  ibo 
inierval  of  time  reiiresenled  by  /  w  or  (he  hori/onUl  sole. 
A  li(tle  consideration  of  the  phj^ttal  cli.inges  that  aiv  (Akiag 
place  nill  show  why  (his  lading  occurs.  During  ilte  suc- 
Ccnive  itittants  prcccifing  the  moment  represcnied  by  /,  the 
E.M.K  ha»  been  gradually  incrc-iKing  in  value  from  f<  i  to 
E'/.  Duriii);  the  utme  time  the  current  Imx  also  >>een  in- 
creasing, bui  at  tlic  time  /  has  not  reached  the  value  com- 
spundingto(he  Ii.M.F.,  E' /,  because  of  1  he  retarding  effcctH 
of  !iclf'in<luction.  The  current  at  (he  lime  /  a  still  in- 
trtiiiin/;,  and  if  the  I~..Ik[.F.  were  kcp(  steady  at  the  valuci 
U'/  would  cvenlunlly  reach  a  hi];1icr  value  than  //,  Kb 
vnluc  at  ibc  Uoie,  /.  Itut  after  lassing  /  the  l!^.M.F.  begins 
to  fall  off,  though  it  is  still  in  (he  same  directionJ  The 
increase  of  current,  therefore,  continues,  but  ai  a  ilt^-er  rait 
than  it  would  have  done  had  (he  K.  M.F.  remained  steady; 
and,  tliercfore,  HtT<r  reaekts  tht  talue  evrresfumJing,  according 
to  Ohm's  law,  to  tht  nM.x/mtim  faint,  E'/,  d/  the  E.M.F. 
Finally,  owing  to  the  falling  olTof  (he  E.M.F.,  the  current 
ceases  lo  increav:  sooner  tlian  it  would  h:ive  done,  and 
reaches  ill  maicimum  value  at  the  time  m,  which  is  neces. 
sahly  Utcr  than  the  time  /. 

To  further  u»i»l  our  re;ideTs  to  iimlirrstand  the  cITccts 
of  sclf-iniluition,  we  have  drawn  tlic  series  of  curves  in  l-ij[. 
ai7.  These  curves  are  all  EM.F.  curves.  E  E'  E  is  the 
curve  o\  im/'ntseil  K.M.F.,as  in  Fig.  ai6.  'Ilie  curve,  «■  rV, 
represents  the  values  of  ihc  E,M.F.  of  self-indu<iion.  This 
curve  depends  upon  ihc  raft  of  (JiCKse  of  the  current,  and 
by  comparison  with  Fig.  ii6,  it  will  be  noticed  that  it  is 

*  In  >II  otu  diagniBi  mil  ar^mrnt)  it  mait  be  dulindly  imdcr* 
*Iwk1  lli»t  we  are  not  rcfc'D);  to  lh«  firit  itAil  tit  tlic  nuital.  but  Id  n 
lioM  whoii  Ihc  liu|irtnc<l  K.M.F.  hat  Ima  »ctmg  toni;  mwu^  lor  Hi« 
eBncni  to  taken  inily  <jfiUi  tttiA  fehtdit  ^rxtcr. 
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iive  (/>.,  IjcIow  X  X),  whilst  the  current  rhanges 
ximum  negative  viiltie,  Cy  iXvff  3i6}>  to  its 
liinuni  positive  value,  C  m,  and  positive  whiUt  the 
'cuircnt  is  changini;  from  C  w  lo  C"  *.  Also,  thiit  the 
E.M.K  of  self- induction  is  n  ntixinium,  f  A  as  the  rurrcnt 
|Kusn  throii^h  the  value  Mro  at  /.'  Finally,  the  curve, 
11  H' II,  o\  eguliit  E.M.F.,  is  obtained  by  nlgrintiMlfy 
adding  the  two  ciiivxii,  H  1%'  E  and  e  e  r,  tojjclhcr.  tty 
algtArniMlh  adding  we  mean   that,   wherever  the  values 


Pif.  iir.^tlilcnmef  B.U.F.'»iiiaSinplcl.(»)i. 

rci>icscntcd  by  thwc  two  curves  arc  on  the  .(■»»»<■  sitic  of 
X  X',  (hey  are  to  be  aiiiltJ  to  ^ive  the  cotresjiondinfi  \jOuc: 
of  the  efiTeciivc  K.M.F.,  and  wherever  ihey  are  on  offosUe 

Ltidcs  of  X  X',  the)  aic  to  be  fu/'tnultJ  Uiym  unc  another. 

IliniJ    the    vjIiic    lor    ilU'H    iiutkcd    on    the   sido  of  I  be 
ureatesL     An  ins|iec(ion  of  ilie  figure  will  show  that  this 
been  done. 

Returning  now  to  Fig.  ai6,  the  valu»  from  which  the 
cuirent  curw,  C  C'C",  is  plotted  atu  obtained  b)  dividinj^ 
ilie  su<xe:isive  values  of  the  effective  E.M.F.  inlliccune, 

,  H  H'  H,  by  the  resistance  oi  the  ciicuiL     In  other  words, 

*  The  cofTOfwiuiine  lettcn  in  ihe  iwo  fi|[Un«  >it  tite  Mue. 
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to  otjiain  the  current  from  the  R.M.K,  Ohnt's  law  tnitsl  be 
ajiplicd  10  ihc  ffffdhx  K.M,F.,  instead  of  to  ihe  mfmsuJ 
MM.K.  Thi«  is  only  another  «;iy  of  »iying  llut  in  apiiiy' 
Jng  Ohiii'it  law  to  ii  liruiit  in  whidi  the  inii>rt:sMd  K.M.K 
is  not  ucady,  the  whole  of  the  R.M. !-'.'&,  due  in  all  reuses  in 
that  circnit,  must  be  taken  into  account. 

There  is  Mil!  another  effect  of  wtf- induction  which  ha* 
only  be«n  inc-tdcntnlly  noiited  in  ihc  fdiefjioin^  Not  only 
doc$  the  self-induction  cause  ttic  current  curve  to  /ntf  behind 
the  cuivc  of  impressed  K.M.K,  but  it  aleo  cauiex  the 
effective  H  M.F.,  and.  therefore,  the  a«t»ial  rutretit,  to  have, 
on  the  wliolf,  a  leti  )'<ilu-!  than  it  would  have  hail  if  there  had 
been  no  scirindiiciton.  >  tbviously,  the  mean  raluir^  ol  the 
K.M.F.*s,  ilepicled  t>y  the  cun-e,  H  11'  H,  is  lest  than  ibow 
dci>kted  b>  \\\<  curve,  K  E'E.  'I'lmsi,  ll»e  cffctls  of  Klf- 
induciion  in  a  circuit,  Biit>je<:tcd  to  a  fluctuating  KM.F.,  are 
two-fold,  and  maybe  summnriscd  ^\\%:~  The  turn nl  lag} 
(KhinJ  Iht  imfresstJ E.ilf.F.,  uttdilt  ineaanilht  is  JiminiikeJ. 
This  statement  is  true,  whatever  be  the  kind  of  fluctuation 
of  iIk:  iniprewed  E.M.F. 

The  above  icnult.s  have  been  reached  by  simply  con- 
sidering the  problem  from  the  physical  Ude,  the  giapbk 
diagrams  iK'ing  only  given  to  help  the  reader  to  follow 
mentally  the  duingci  takii^  ploice  No  reference  hait  1>een 
made  to  the  nuriieiicid  takulalion.s  mvulvi-d,  nor  do  we 
prtriHrau  to  trouble  our  readers  with  the  details  of  ilie  niathc- 
iiiatical  analysis.  There  are  two  re-asons  for  omitting  these 
details.  In  the  firM  place,  the  m.iihciuatir^  involved  .ire  far 
beyond  the  pbn  of  thin  bmik;  and  iiecontlly,  because 
modern  maiberaatics  are,  a^  yet,  only  eom|iclent  lo  deal 
with  sonic  of  the  timpk-^l  cat^s  that  occur  in  aetital  worl:. 

Still,  it  i«  not  im[Hnxible  to  indicate  in  a  simple  manner 
the  considerations  which  influcnre  the  ma^-n:tud<:  of  ll>e 
various  effects.  Obviously,  one  of  the  chief  hcian  is  tho 
numeiieal  magnitude  of  the  self-indu<-tion,  or  at  ft  tt  inoic 


a 
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■  iDductance.  «f  ilw  circuit.  'I'hcn:  are 
tlinint;  ihis  quaDtily,  bul  for  out  ])iir]>C»G 
ihc  fo!lowiii]i;  dermiiioii  will  lie  the  most  convenient : — 
Thf  iNitti(/,iwr  a/ any  fircHit  it  theralio  ef  fht  tufitl numtvr  it/ 
Hiagiu/u  /iMft  it'hith  the  atrreni  eaitits  ti>  fass  t/trxugA  tht 
tireuil  to  tht  thiIu^  i/Mr  (urrtHl,  oi : — 

.    .  Mumlxr  of  Magnetic  Lines  ducloCiirrent 

Cuneiil. 

If  the  ntLxliiim  Mirroiinding  the  circuit  be  free  from 
inagnclit^  matciuls,  thi-u  i}i<-  abow  miio  is  lh«  same  for  nil 
valuer  of  the  current ;  but  it'  time  lie  inas).es  of  iron  or 
other  magnetic  inatciul  near  ihc  circuit  then  K\\<  ratio  is 
(liflervnt  for  each  value  <if  the  tiirrcnt,  because,  .1*  we  have 
already  seen,  Ihc  number  of  linett  net  \x\\,  in  (his  tau:,  hy 
diflcrcnt  currents  '\%  not  proportional  to  the  current. 

In  what  folloiir!!,  wc  shall  ii»iiial1>-  consider  the  inductance, 
which  wc  shall  denote  by  the  letter  "L,"  ns  i^oiituni.  If 
the  current  be  measured  in  ampl-res,  and  ihe  ntimlicr  of 
magnetic  )in»  be  lountcd  in  bundles  of  1,000  millions  (<>., 
each  bundle  of  1,00a  millions  is  to  be  counted  as  oik  line 
only),  then  the  inductance  is  merwured  in  "hflorys,"  a 
name  which  has  been  ^ivcn  to  the  unit  of  inductance  in 
honour  of  ('rofiM.««r  Henrj,  of  I'rincclon,  to  whoic  researches 
ive  have  already  (t>age  181}  referred. 

The  next  <]uaniiiy  to  which  ue  must  draw  attention  is 
even  more  imporlatil  physically  lliati  the  imiut  lance,  though, 
a»  a  matter  of  fact,  its  value  depeittU  on  that  nf  the  induct- 
ance. This  qtuuitity  is  known  as  the  time  constant  of 
the  circuit,  and  may  he  defined  as  Iht  ratio  a/  tht  induetiHtt 
tt>  the  rffisliJiK*,  or  ; 

ln(lMflance_L. 
Kc&islatKc      B. 

Ai  first  sight  it  may  a[>)>ear  sontcwhat  strange  llut  nn; 
should  refer  to  the  above  ratio  as  a  /iuie.    To  explain  titis 
cc 


The  iime.constant  =  . 
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we  must  remind  our  rea(itT§  that  wc  haw  nlreaily  pointed 
out  tliat  on  first  closing  any  citciill  in  which  there  b  a 
sivad}-  K.M.I-'.,  the  Liirrcni  does  not  at  once  rite  to  its  full 
value,  ^ivfii  liy  Ohm's  law  as  J ,  Now,  Iwth  ux(>efiRieni 
and  calcul.ntion  show  thai  Ihe  raclor  whiih  deicnntnes  the 
rate  or  rise  is  the  above  ratio,  and  that  the  current  actually 
reaches  36*3  fvr  tr/if.  of  its  final  \aliic  in  the  time  given  bj- 
that  ratio. 

ir  the  inductance  he  intastitcd  in  htHrys,  and  the  re- 
sistance in  ehmu  the  vahto  ol'  the  liinc-con&ianl  is  given  in 
stiOHiis.  The  ftillowinjt  t.-il>le  gives  the  vnlae  of  the  (imo- 
conNiaTit  in  vanoiis  pieces  of  rcjwesentativc  appamius  com- 
monly u,scd  in  electrical  work  :— 

TaBLK    VIII.— VALUt-J   Of  TlMK-CoWST.\NTl 

K»».  Of  A.rA.*Ti*  r.MH-CoH.i.vrlJfc) 

Mimii  G>1v>nonici«  iS.OOO  uhmt  mltluKe)    ...  -0004 

Bell  Telephone -ooi 

Elicliiu  Trembline  Bell     .,           .          'OOiS 

T<l<[>lione  C&ll-flell  <Uaznelo) -017 

I  J    _-      ..    .  f  fnniary  OKuil       ...  ,         -0125 

„         I'«i<'*K<«(,o.l(j;,^j^Ci«uil     ,1  -0045 

huffi  loduclion  Coil  1  Prinuuy  Circuit            ...  "09 

(t^ln.  X  Kin.)      I  S«ccaiihi)r  Circuil  -0&5 

Tclcxnphic  keby -ai  m  ^>5 

Since,  then,  ihc  time-coit.-.Lini  is  lucli  an  importani 
factut  on  the  mere  starting  of  a  cnrrenl  iti  a  ciicuil,  it  is 
oWious,  frtrni  Ihe  |>h)-s)cal  reasons  for  its  existence,  that  tt 
must  aUo  tx;  of  iin)K>ttance  whenever  llie  <*iiTrcn[  is  dunging, 
and  that  ilic  latter  the  time-constant,  the  longer  must  be 
the  lime  taken  to  complete  any  given  ctunge  in  the  vaUic 
of  the  mrrent.  It  U  nut.  therefore,  surpn.%in^  that  we  find 
this  particular  time  to  be  of  ^mt  importance  in  .ill  circtiiu 
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in  wlikli  tUf  iin)jre!»cnl  IvM.  I-',  is  cydic  ami  periwiic  wiih 
a  very  slioit  |iuiiodic  lime  {\>Affi  418).  In  all  such  circuils 
a  compidc  scries  of  changes  have  to  be  coroplelcd  in  a 
ceriain  time— Ihat  is,  in  the  iwriodic  lime  of  the  cycle; 
and  it  is  eaty  la  «ec  ihal  on  ihc  nitio  between  the  tinie- 
conslani  and  tliia  lime  muM  dcjiend  the  iii.i;;nitude  of  the 
peculiar  effects  lo  wlii<:h  we  have  just  drawn  attention  in 
oiiT  graphic  diagmins  (l''ig&  >i6  and  317).  If,  for  inslsnce, 
ihe  timectinsiant  of  the  dr 
cuic  be  very  short  compared 
to  the  periodic  time  of  a  com- 
plete cycle  of  ihajiges  in  the 
R.M.F.,  Ohm'^  bw  will  be 
very  nearly  true  ;H  each  in- 
stant, or  there  wiU  lie  vury 
little  lag  and  very  little  di- 
minution  in  the  effective 
K,M-F. ;  in  other  words,  Ihc 
changex  Utke  place  »o  slowly 
relatively  to  the  time-constant 
that  inductance  has  very  little 
effect  on  the  rcstdt.     On  ilic 

other  hand,  if  the  tiiiiecon.itant  he  large  compared  with  the 
periodic  time,  then  lioih  the  log  and  the  diminution  !n  the 
effective  E-iLl*'-  may  be  considctnblc.  Thus,  in  modern 
altetnatc<"rren!  dynamon,  there  arc  fretjuenlly  100  or  more 
complete  cycles  of  E.M.F,  per  second.  If  «c  take  the  case 
of  100  complete  C)-cIcs  per  second,  the  periodic  lime  is 
only  t1«''>  "^  ^  second,  a  (junntity  of  the  same  order  of 
magnitude  aa  the  time-constant ;  thus  the  above  cITccts  may 
be  considerable. 

I-'or  the  simple  case  that  we  have  already  considered, 

ihey  may  i.-asily  be  calculated     I^t  L  and  R  be  respectively 

the  inductance  and  resistance  of  the  circuit,  t  (=  \),  the 

tinieconstant  of  the  circuit,  and  T  the  periodic  linte  of 

cc  a 
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Ihc  imjtTCHcd  IC.M.K.,  Hint  is,  iliu  lime  iiKiuurvd  by  ihe 
lin«  a  a,  in  Tig.  iiti.  Mo»i»  n  line,  A  II  (Fik-  218),  10 
rt-txTL-HLiit  Roil  MHiii'  convi-iiicnt  mhiU-  :  (Jmh'  IK'  nl  rt|;Ui 
angles  10  A  II,  and  c<iu.i1  (o  ^^'  on  ihc  smnc  Kale.  Join 
A  C.  ilK-n  Ihc  angk-.  It  A  C,  is  the  nng/f  u(  Ug.  tlio  imiio  ui 
whicli  to  jfto"  will  be  ihc  same  as  the  ratio  of  ibe  lime  of 
Aw  (or,  nwre  shoilly,  ihc  timtfitg)  lo  the  full  jiericiUic-  lintc. 
Thus  the 

TxanglcBAC 
360" 


Timir-Ugc 


In  onlci  lo  (whibil  the  cfficcl  on  ihc  E.M.F.,  wc  shJill 
(lenoU-  the  angle,  B  A  C,  b)-  ihv  (-ircxk  letter,  A.  'Die  value 
of  the  impnimi  eleciroiiiotive  fotce  <£)  at  Any  lime,  /,  miy 
be  found  from  an  e(|tutton  of  the  form . 

F.=  R^ii>e/^ 

where  /  lias  t)ie  value  already  gitx-n  {ste  fnot-noifi),  and 
Ihc  value  of  the  Sine  can  be  obtahted  rrom  ordinary 
trigonometrical  tables. 

The  value  of  ibc  effvtivt  E.M.F.  is  then  given  by  ihe 
eifuatioii 

AU 


■e:K.Sin(//-A)x^"=E«Sin(//-X)CosX, 


since 


CosA  = 


AB 
AC 


The  change  of  the  angle  ftoni//  lo  (//— X),  expresses  the 
lact  tb^t  there  is  a  /tf^  equal  to  X,  whilst  ihc  mulliplication 

'  The  tjttJooX  ■  repiCKoli  ibe  ulki  nl  tlic  diciiinf<miKc  oT  a  drdi 
loili  (tiamcter,  and  b  «i|iuil  to  llic  number  3'L4i6:  ihuOa  U  vcffj 

neariysfit,  »nil  B  C  =  6) ^(neatly).    KMbc  th«  niuaber  of  pnioda:i 

DT  ftlicmaiion*  |ier  mmiiiI,  Dicn  1^=.^!  xuamVnf^^Z^^wn,  ibtti 

BC=/L. 
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by  the  factor  J-^  (w  Cos  X),  whtdi  is  necessarily  a  proper 
fraction,  vxpmsot  ttic  diminution  in  (he  ma^nilwit  ni  the 
F.M.F. 

The  nirrenl  at  any  lime,  t,  can  now  be  fotintl  t)y  UHJnj; 
Ohm's  law  ;  ii  is: — 

-    E    E.Sin(//-X)CosX  ,. 

0=^= B ■      ■   *''• 

Tljere  is  aluo  ano(li«r  way  in  wliich  the  curmit  niny  be 
expressed,  for,  since  A  B  =  B,  we  may  wiile  the  X\nx 
cxjiresiion  given  above  Tot  E  thus  :— 


and  then 


E=E.Sin(//-A)x-A. 


C_E_E,Sin(^/-M  /,* 


In  thin  way  of  cviTL-Ntiiig  the  mrrenl  the  length  of  the 
hnc,  A  C,  becomes  of  sueh  impoitance  that  it  hat  Ijcen 
given  a  s|>ecial  n.imc.  and  is  cjlled  the  im/^ana  of  the 
cirruil.  When  thix  denominator  is  used,  the  numeiator  has 
llie  *anie  values  as  the  im|ire»sed  K.M.K.,  combined  with  a 
simple  time-lag,  and  we  may  write  the  remit  in  words 
thus  : — 

Current  =  Lag^^l^l     .       .    0), 
Impedance 

a  formula  which  is  somclinies  ntL-rred  to  as  "Ohm's  law 
for  Alktnjie  Ciirrenl*."  In  using  ii,  it  is  pointed  out  that 
the  cbanKe  in  tJie  taw  involves  the  introduction  of  the  timc- 
Ug  iiilo  the  numerator,  and  the  .^ublStiIlltioll  of  the  im- 
pedance of  the  circuit  for  the  ri^siaiice.  In  other  words 
the  aniin);  down  of  (he  cunent  is  asciilicd  to  an  increase 
iit  the  effective  renslanix,  or  to  a  kiinl  of  spurious  rc- 
^stancc,  for  an  inspeciion  ol  Fig.  ;i8  will  show  thai  the 
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Impedancv,  A  0,  is  iihvays  grtaltr  than  the  restMance,  A  B. 
The  excess  of  inipfdance  over  resistance  obviously  dcpetide 
mainly  oa  the  vaiucs  of  L  and  T.  Tor  any  increase  in  the 
value  of  It,  or  <tiniinuiion  in  the  vnUiv  of  T,  increases  the 
length  of  H  C.  and  therefore  of  A  B. 

Tht:  nunieiical  value  of  the  inipidaace  can  be  easily 
calculated  by  reference  to  Fig.  siS.  According  to  the 
well-known  property  of  a  right •angletl  (liangle,  tlw  vjunie 
upon  Che  xliint  side  is  e>iiul  to  the  sum  of  ibe  sipiares  upon 
the  sidea  conlaiii'tng  the  right  angle.     Thcrefofe 

A  C  =  A  B'+  B  C. 

The  value  of  the  imficdnDct  is,  lijadoic,  ajual  to  the 
si/mm  roel  of  the  right-hand  side  of  ihi<  last  iipiation,  or,  in 
symbols- 
Impedance  =  *''E- +  /•!.■. 

liul  ihin  way  of  re^^udini;  ihe  facts  is  not  cmrcct  from 
a  physical  point  of  vicvr.  Olun's  law  in  its  usual  form 
docs  not  cx;asc  to  be  true  for  alternate  currents.  The  new 
fa<;|ors  railed  into  pl.iy,  as  compared  with  live  case  of  ■ 
steady  cuirtrnt,  bring  adililiunal  K.M.F.'s  into  the  circuit 
wiiJioui  aflttiiiig  the  ruwsianee,  and  tlie  formula  used 
should,  iherefore,  give  expression  to  this  fact,  litis  is 
what  is  iloDc  in  formula  (i)nbore,  whicli  maybe  written 
in  wurds— 

E.M.F        AB 
Bsist&Dce      ''  AC 


Current 


^Lu[£ed_ 

Resist 


The  gtmrai  cotKlusions  arrived  ai  with  regard  to  the 
effects  of  seir-indticlion  in  a  cirtuil  subject  10  an  imitresscd 
alternate  F^M.F.,  are  true,  whatever  be  the  diameter  »f  the 
cycle  of  impressed  K.M.F.,  |Wovidcd  only  that  it  be  truly 

ry.!!.-  anA,  ^.'//.t.i,",-        ])u|  the  tiumeri.al  niTilK    nvt  n    ill  -iiinr 
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of  Ihi;  above  equations  arc  only  true  for  the  jiarticular 
impressed  ICM.F.  spccilicd  hy  the  simple  curve,  V.  E'  K,  in 
Figs.  ii6  aiid  117.  Wheii  the  impresued  E.M.F.  is  of  a 
more  complicaied  chancier  these  numerical  results  arc  not^ 
true,  though  the  general  nature  of  the  effects  is  ihc  same: ' 
For  inxtnnce,  if  the  impressed  ivM.K.  is  rvj>rL-senicd  by  the 
cur^-e  |[ivcn  in  Fig.  219,  we  »iitl  have  a  lagging  and  dimin- 
ished effective  E.HF. ;  hut  it  is  not  pouibk-  to  calculate 
the  amount  of  lag,  or  the  factor  which   determines  Ihc 
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diminution.    Thew  <iaantiiies,  if  ascertained  at  all,  must 
be  a.4certaiiied  by  expeiimenl. 

\\k  shall  now  dcsciibe  a  few  of  the  insirumcnis  used  in 
allemate-currcnt  working.  Tht-sc  dtfscrijrtions  will,  we 
h(^>e,  l»ing  into  [iroininencc,  and  serve  to  familinii^  our 
readers  with,  some  of  ilie  sjiceial  peculiarities  of  alternate 
electric  currents. 

Alternate  Curr>ent  Instruments. 

(A)  OarreDt  Heasortra.— The  pctfcot  instrument  for 
the  mL'aiu[<jiiit.'iil  of  alternate  currents  would  be  one  which 
would  faithfully  follow  every  fluctuation  of  the  current,  and 
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record  it  in  such  a  w*y  ibat  lh«  record  coutd  be  cxaniin«t 
and  (ieftll  with  afieiwanls.  Tlic  necessity  for  the  KTord 
arisn  Troni  the  fact  tliat  in  alt  apjiiications  of  Ihv  nik-m.ilc 
cutrctit  the  /rffurn/y  {uf  [).  418)  is  w  grcnt  tlul  it  \i  ifii- 
jKffKililc  for  lli«  eye  to  ftrilow  tlie  chaiiKi^S  "'>^  ''  Bf* 
insinimvTtt  existed  that  wuuld  iicrfrctty  indicate  theni. 
The  IukIi  fri<iuenty.  Iiowcvet,  has  hiilvtflo  rendered  It 
impossible  (o  design  an  instrument  having  tbc  atmve  pto- 
I>CTti«K,  and  we  have,  therdbre,  to  fall  bi*ck  \x\ioi\  jnutumenu 
whoae  indtcationx  depend  in  some  way  upon  the  mean  value 
of  the  ciifreni,  and  to  trust  to  exi)eri(iicnl  or  tbeoiy  in  en- 
able an  In  do4emiine  from  these  intlicalions  the  tnt  mmn 
value  reiiuireii. 

At  the  outset,  we  must  exclude  all  those  galvanoniclen 
whose  indiratois  arc  dcflccled  in  opposite  directions  for 
opjiiMtie  direciioTisuf  t)K  turrenl.  If  »udi  an  inKinimenl 
were  pliKed  in  an  altcmate-cunreni  eircuit,  its  indicator 
vroutd  probably  remain  at  rest,  for  all  values  of  the  current. 
For  the  pcrioti  of  the  free  swing  of  the  movable  system 
would  most  likely  be  many  time*  that  of  the  periodic  lime 
of  Ihc  current,  and,  therefore,  before  the  system  had  time  to 
obey  an  im|>ulsc  in  one  direction  it  would  receive  an  im- 
pulse in  the  opiMHite  dtRiiion,  and  so  on  continually.  The 
total  effect  would  thua  be  nt/. 

We  inusl.  therefore,  fall  back  upon  iltoie  jcatvanoinelers 
whose  movabk*  system  is  ain-ays  dclkcied  in  the  same 
direction,  whatever  be  the  dirc^iion  of  the  curreni  passing 
through  them.  Iliey  may  lie  divided  into  two  ilasses.  In 
the  first  class  may  he  pUccd  those  inutuioents  whose  indi- 
<:alion«  arc  strictly  profortiona'  to  tkt  square  ef  lAt  otrrtaL 
We  have  atreiidy  poinled  out  that  the  f^inare  of  a  i|uaniity 
is  always  |>(»iiite.  nlteiher  tlui  i|iiiiniity  be  jHMilivc  ot  nega- 
tive. If,  therefore,  ihc  dir^Ktion  of  the  t1elli-<'iion  depi-nda 
on  the  square  of  the  current  that  deneclicm  will  nltrays  be 
in  (WW  direction,  however  frcjuenlly  ilic  tiirrrnt  m.>y  be 
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KVersod.  Such  an  instrument  is  the  Siemens'  Klectro- 
l'>yi»inomctcr,  already  described  on  pnge  3<'i5.  If  one  of 
lhe>«  he  placed  in  an  n I lemnte -current  rircuit  it  will  give  a 
sicad)-  rca<ling  a.s  long  a.t  llic  mean  value  of  t]ic  current 
continues  the  sniue. 

'i'hc  second  class  of  avtiilablc  inslruments  contctias  those 
n  which  the  movalilc  part  alTected  by  tlie  nirreiit  consists 
of  Mft  iron,  wliich  is  therefore  magnetised  by  the  current 
itself.  As  the  magnetisation  of  this  sod  iron  is  reverted 
when  the  current  is  reversed,  the  direction  of  the  dclltciion 
will  remain  the  tame.  The  inslniment.i  already  described 
belonjtinc  to  this  class  are  Avftoii  and  I'err^'s  NfA);njfying 

E5|iting  Amn>etcr  (Fig,  iga)  and  Naldcr's  Griviiy  Ammeter 
The  further  question  of  tlie  interpretations  of  ttie  indi- 
cations of  the  instrunicnis  of  both  classes  ts  not  a  simple 
one.  The  calibration,  or  determination  of  the  ciirrent* 
correKponding  to  the  variou.t  readings,  is  usually  elTectcd  t>y 
means  of  continuous  and  steady  currents.  How  the  ^-alucs 
of  the  readings  are  affected  by  alternate  cunenis  depends 
both  on  the  cb.w  of  inslnmicni  and  the  rhancter  of  the 
alternate  curienu  In  instruments  of  the  first  class,  where 
the  readings  depend  upon  the  square  of  the  current,  it  is 
easy  to  sec  that  the  reading  for  an  alternate  current  nf  a 
given  mean  value  will  be  i^reafer  than  the  reading  corre- 
s])Onding  to  a  conlinuou-i  current  uf  the  same  value  ;  for 
the  averafie  value  or  arithmetical  mcau  of  the  squares  of  a 
series  of  numbers  which  follow  any  regular  taw  is  nereKKirily 
greater  than  the  sqjiarc  o(  the  average  value  of  the  nuintjcr*. 
Talte,  for  insl.-u»ce,  the  simi>le  numbers 
I,  I.  3,  A-  S.  6,  7. 
whose  average,  or  mean  value,  is  4,  the  square  of  which  is 
r6.     'ITic  squares  of  ihwc  numliorx  arc 

I,  4,  yf   '6,  3$.  36.  49. 
aim)  the  average  ratuc  of  these  squares  is   to,  which   is 
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KTcaicr  ihnn  16.  "Xht  ruason  is  no<  tax  lo  seek :  it  ti  ihit 
the  larger  nutnlKTs,  when  Hjuiired,  liecome  Tcbtivelf  more 
iitiiwnant  than  tite  siiuillct  numlterH. 

Now,  the  values  of  the  forces  which  detenniae  the  read- 
in^s  of  tti«  intlTunitnts  tittdcr  consideration  dciiend  on  the 
l(|iurc?i  of  tIte  cutTcnU,  und  the  ^tvcra^e  foice  which  deter 
mines  (hv  n<:iuid  residing  for  an  uli«mate  current  depends, 
therefore,  011  the  average  value  of  the  squares  of  ihc  cur- 
rents. Thus,  this  average  force  is  greater  for  a  given  mtran 
valiir  of  the  .iliernate  current  than  it  is  fbt  correspondutg 
coiuimKHi^  ctiircnt. 

H(»w,  then,  arc  we  lo  dctcnnlnc  the  true  mean  value  of 
the  Alternate  current  from  the  ri-adings  of  the  imuuinent  ? 
The  aniwcf  dciaiKLH  u[H}n  iht:  juuiicular  law  which  ex- 
im-vin  the  fliictiutionK  uf  the  current.  If  that  Un-  Ik  ihe 
Kiin]>lc  onv  gr;i)>liiuill)'  TeiHcentt-d  liy  llie  curve  C  i^'C,  in 
l''iK-  3 16,  theotjF  shows  llial  we  must  reduce  the  readings 
for  iroiilinuous  cuiTcnts  by  10  per  cent.  In  other  wi>n.l«, 
the  caltbrationi  for  continuous  cuncni*  inuM  l>e  inulti|>litx) 
by  09,  in  urdef  tu  give  the  corn:«|>onding  calibtation  for 
alternate  currcnu  following  the  above  law.  If  the  \xv  be 
mote  complicated  a  diffcrcnt  multiplier  should  be  used ;  but 
in  most  actual  cases  the  above  multiplier  is  sufhcJently 
arcurate. 

IiivUumcntH  of  Ihe  second  class  are  not  so  casiljr  dealt 
with.  In  the  hi(;hvr  [uns  of  the  scale  it  ti  |>Tobiable 
ihnl  lite  atwve  muhiplicr  nu)'  Ik-  used,  sav\  will  give  fairly 
acciii.itv  n,-Mit[» ;  hut  in  the  lower  |iuft  of  \\k  scale,  where 
Ihu  period  durin;t  which  the  magnetisation  of  the  soft  iron 
is  licing  reversed  auumes  a  relative!)'  greater  im)iortance, 
the  corretting  fiictor  will  jKobahl)'  l>e  dilTeteiiL  Suth  tn- 
strumcnis  should,  therefore,  only  be  used  tor  the  liiglier 
part*  of  the  scale. 

Itcfore  leaving  this  part  of  the  mbjcct  wc  may  refer  to 
one  mtere^tin);  structural  detail,  which  mH>t  be  atlcruled  to 
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my  of  these  coiitinuouvcuncni  insttuments  are  lo  be 

d  for  allcrnalc-cuirent  work  It  ts,  that  all  large  con- 
ducting masses  of  metal  in  the  ba«e  and  supporting  wullti 
of  the  instrument  should  be  rcpbced  by  rion-condiiciiiig.i 
material  Such  maxKN  of  metal  ure  unobjeciio»abk  in  & 
continuous- current  instrument,  but  if  i>rcsent  in  an  altcriialc- 
currciit  one,  mny  have  cuncnts  induced  m  ihcm  by  the  fluctu- 
ations of  the  current  to  he  aicAKurcd,  and  lAete  iniluad  i  ur- 
rents  will  Icid  I«  .i  waMe  of  energy,  which  will  show  ilsetf  in 
the  Dt>je<:tiona))le  form  of  heat  sufficient  to  m:ike  the  in&iru- 
mcnl  dangerously  hoi.  Moreover,  these  induced  currents 
will  react  on  the  current  to  be  measured^  and  may  lead 
to  ft  serious  error  in  the  mcasiiremeni. 

(B)  Pressnre  Measarera.— In  considering  the  ([ues- 
lion  of  llie  mcasuri-tiicnt  of  alternate  cnrrtnlt,  it  will  be 
noticed  that  the  instrutnenis  referred  \o  were  ot  the  vame 
type  an<l  denied  oi  tome  of  those  already  descii1>ed  for  con- 
liniious-curieut  work.  The  only  dilflculty  in  using  these  in- 
stturoenis  is,  as  we  have  seen,  that  of  correctly  intcri'fci'''g 
the  readings;  but  this  diflindty  is  not  an  iriMigierable  one. 
When,  however,  we  turn  to  the  measure iiieni  of  /•reimie, 
new  complications  |)resent  themsclvi-s.  In  one  sense,  all 
gal^-anometer  voltmeters  are  available  which  have  the  char- 
acteristics mentioned  on  jage  440  .xj  ncrcssary  in  alternate- 
current  ammeters.  That  is,  Mich  itisirumcnis,  when  placed 
on  an  alternatenunent  circuit,  would  give  recallable  deflec- 
tions ;  but  the  interpretation  of  the  meaning  of  these 
deflections  is  inueb  more  diflicull  than  in  the  case  of  iJie 
ampi-rcmeters. 

■The  difficulty  arises  from  the  way  in  which  the  instru- 
ment is  used.  It  will  be  teniembead  that  in  using  high- 
restslftncc  galvanometers  as  pressure  measurers  the  galvano- 
meter is  placed  (i«ge  385)  in  a  l>ninch  circuit  between  the 
[toints  whoue  I'.l).  h;vi  Ui  be  measured,  llic  current 
passing  along  the  side  branch,  multiplied  by  the  rcsislani'e 
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of  that  branch,  then  gives  the  required  P.  D.  Such,  howw% 
is  not  the  cah-  wiih  .ihcmatc  ciiircnts.  On  reaching  ooe  uf 
[he  point!)  from  whicli  ihc  hramh  circuit  is  taken  off,  the 
cDTrent  divides  between  the  two  paths,  not  in  the  inveree 
proportion  of  their  nsisiaiutt,  but  in  t]ie  inverse  propottioR 
of  ihcii  im/>/JtiHe(s.  Or,  to  )iut  it  more  accuntclyi  the 
tfftilive  prcsHure  in  one  jMth  is  not  the  tuune  ai  (he  elTective 
pren.iure  in  ilic  other  julti,  because  of  the  tlifTercncc  in  the 
vnlut  in  the  two  puihs  of  the  qiiantit)'  8)-mboli$eil  b)'  Cos  X 
nt  imgt-  436.  'II111K,  l»  ;»opcriy  imcr)»cl  the  (Jcflrctiuns  of 
thi:  voltinoier,  tin;  iniiH?tIuix:ct  (or  the  vahien  of  ('o*X>or 
bold  jKittis  should  be  known.  This  involven  a  knott1c«1gc 
of  ihe  iDdiictances  an*l  resistances,  as  well  na  the  freriucnvy 
of  the  allcrnniiono ;  and  nn  alteration  in  any  of  ihcic  will 
filler  the  meaning  of  the  vulimetct  deflexion.  In  fwaclke 
it  is  im|>osublc  to  know  all  these  quantities  niih  aicxnix-f, 
and  therefore  the  employnienl  of  a  galvanometer  as  a  volt- 
meter on  an  aUein^v  current  circuit  t-.-in  unljr  l>e  nrgardcd 
a;>  a  mxkcshifi  in  ilie  absence  ofamore  nuitablt;  irutrumenL 
The  solution  kA  (he  problem  of  mc-isuring  accurately 
the  prcMiireA  in  an  alieniale-ciirrcnt  circuit,  is  made  possible 
by  the  exisiewc  of  the  iherinat  and  ilie  elm^iroitatic  jnslru- 
nicnts  to  which  »v  have  referred  al  pages  31)0  and  394.  The 
lallei  insmimcnls  have  no  self-induction,  and  very  little 
eleclrosiatie  ca|<a*;ity,  and  iherefoTv  their  tiinc-constanl  is 
inupiiteclabtc.  Al  fiist  sight  it  Vi  not  easy  to  we  how  they 
can  be  adapted  for  mcasurin];  alternate  I'.D.s,  for  tlidt  de- 
flections depend  on  the  IM).  applied  lo  their  tcnninab,  attd 
are  iherefore  reversed  when  tbe  I'.D.  is  reversed.  But  in 
tlic  in^ttrimtent  described  on  \tx%K  39S,  it  will  Ite  a-raeni' 
bcr.'d  ihaltltc  needle,  N(l-'i|^  lojJ.isckMritled  by  l>ein{{i.on- 
iiettud  lo  the  inwle  of  «  U-ydcn  jar,  J  (l-'ig.aofi),  and  it  is 
tills  electrified  needle  which  u  repelled  by  one  |air  of 
<(Undranu  and  ailrarlcd  by  the  utlicr  pair.  If  the  eleclrifi- 
catiofu  of  the  ciuadranis  arc  reversed,  so  are  the  aitractio<i& 
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and  tcpubiona,  |>ruvi(icd  Oic  dL-citificiliuii  ui  ihc  needle  is 
uncluMigcd.  But  it',  at  the  inomcnt  of  reversal  o(  the 
eltfotrirKalions  of  ihr  iin.idnints,  Mf  ilttirififatioH  </  tht 
iKedU  is  It/to  rrtYrieJ.  tlii-ii  llie  tkflecttuti  will  mIII  In-  in  ihe 
same  dircciion  as  l>tfote.  To  nccoinplixh  ilm  iht  inside  vf 
tin-  I^ydei)  jar,  J,  is  connected  to  ihc  case  of  the  instrumcni 
arx!  to  (he  leniiin^l  o(  one  {uir  of  quadrants  and  thus  the 
tut^U  is  niatle  lo  have  Ihe  same  pateHlial  at  one  pair  »/ 
quiiJraiUi.  Its  ukc  trill  cat  ion  will  therefore  (change  Wfith 
th^t  of  (he  quadrants  to  which  it  is  connected,  and  thus  the 
deflection  will  nlwajv  be  in  the  same  direction.  This 
raanner  of  using  (tie  intitnimeni  hat  l>ecn  calk-d  l>y  1x>rd 
Kelvin  idioilalit,  because  all  the  dcctiifications  are  pr<» 
duced  L>y  the  V.\>.  to  be  measured.  The  other  method,  in 
whidi  (he  cU-ctrilii:aiion  of  the  needli:  is  produced  by  inde- 
pendent means,  he  calls  ktUroUadf. 

Unfortunately,  when  used  in  this  way  the  ordinary 
quadrant  electrometer  n  vcr>-  if«if««//rv— that  is,  it  requires 
a  iargc  P.I),  to  produce  a  readable  delleclioii.  But  the 
advantages  of  the  method  arc  so  great  that  the  problem  of 
increasing  the  M.-nsiiivcncst  of  the  instrument  is  being 
vigorouxly  attacked  at  the  present  time,  and  *evural  much 
more  sensitive  insiruincnls  have  already  been  produced. 

The  only  one  to  which  wc  can  refer  i«  Lord  Kelvin's 
Mttltiullular  FJetlrmlatir  Vo/lmtftr,  shown  in  si-ction  in  l-'ig. 
2  JO,  and  ill  plan  in  Rg.  iii.  The  changes  fiom  the  quadrant 
form  of  elceironictcr  already  referred  to  are  cons>i<!erable. 
In  Ibc  lirst  plarc,  one  pair  of  qu.-idrnnts  hns  been  abolished, 
t)tc  ntlK'r  |iair,  rctuiited,  bcinj;  re[imcntcd  by  C  C  in 
Fig.  in,  nlicte  it  will  be  seen  dial  their  shape  has  been 
changed  from  circular  to  s<)uarc.  In  more  recent  forms  of 
Ihe  instrument  the)-  have  been  further  changcti  to  a  triangu- 
br  shape.  It  will  he  renuiinbcred  that  in  Ihe  quadnni 
electrometer  each  "quadrant"  consisted  of  two  horizontal 
|)lat«s,  joined  by  a  vertical  strip  along  the  circular  rim.     In 
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tlu:  '*  muliicellubr "  Ga<:h  iiilc,  C  (Pig.  S3t\  corakt*  of  no 
Ins  ihuti  eleven  horuontal  pUics  (AA  '''S-  "o)>  '^i't  "P 
one  over  ihc  other,  so  ss  to  form  a  rom|K>i)nd  ironductrir  of 


ril,  H-.  -!ir\U<n  (4  Ktliin'i  Uulil  'r'f>ilii  EWimuili  Vdlimfin. 


ten  "  cdls,"  (he  plates  on  both  «idcs  iMrin^  all  elecuioiUjr 
ix>nncrt<rd  together,  but  infiilalcd  from  the  rest  of  ihc 
inxtTuiiient.  It  »  na  tf  we  hn<)  a  whole  scries  of  the  quod- 
lanis  of  the  older  iDUiumcnl  piled  on  lO))  of  oik  another. 
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This  rtiangc  in  the  fixed  con<luclon  ix  ncconipRnivd  by 
it  com.-«]ioniling  change:  in  the  inovalitc  conductor,  which, 
inHicad  of  being  tiudc  now  of  a  ^in^le  viine  or  needle,  is 
built  up  of  ten  such  vanca.  \',  attached  lo  a  vedical  spindle 
in  such  a.  jKisition  as  to  be  free  to  move  bciirccn  the 
horirontal  lixed  plates.    Thus,  when  the  i-ane«  and  fixed 


Fit.  Ill,-  PUn  or  Ktlviii'i  ilulti'iiDulu  IlliunnUlk  VolioHHr. 

plates  are  brought  10  different  potentials,  each  vane  is  acted 
upon  by  turning  forces  due  to  the  pUtcs  on  dth«r  side  of 
it,  and,  as  all  the  van«s  are  on  onv  xpindte,  thi.-  total  de- 
flecting foice  is  thus  i:ude  much  greater  than  it  would  t>c 
in  a  quadrant  electrometer  for  the  same  potential  difference 
'i'hc  top  end  of  the  spindle  carrying  the  vanes  is  sus- 
pended by  a  long  and  line  iridio- platinum  {a'>  wire  to  a 
torsion  head  fixed  at  the  lop  of  the  tube  T,  and  thus  the 
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conlrolliiig  Tortc  brought  into  )>lay  is  lltni  oi  miifilar 
tuiftniMH,  which  has  Iwcn  ahead]  rcfcrml  loat  (lage  401, 
Bclntcn  ihe  lower  eiKl  of  tl«:  wife  -iimI  the  itpiiKlIc  ihcre  i« 
inicr|ioscd  ■  fine  roach-spring,  whirh  prevcnis  «  suchlcn 
j<itt  gii'cn  to  ihc  insiTumcnt  from  hringin);  &urh  a  ^Irjin 
upon  ihti  fine  wire  as  would  prohahly  break  it.  The  ion>ion 
hemi  and  suspending  wire,  and  thererore  the  vanes,  ftre  not 
insulalcd  Irom  tlic  hodj-  of  the  instrutnent.  A  Icn^;  alti> 
minium  pointer,  I,  is  attached  to  the  spindle,  and  by  iiH 
l>oution  indicates  niioti  3  scale  the  diffcrenoe  of  |ioieniial 
between  the  fined  and  t!ie  nto^^ble  conductors.  Tiro 
vertical  plates,  gg^  are  attached  to  the  base  nf  the  itumi- 
incnt,  to  limit  the  motion  of  the  vanes,  V,  whkit,  when  the 
pointer  it  l>roii){!il  to  /cro  liy  ihr  lursion  >if  (he  wire,  are 
nearly  outside  the  ccIU  of  th«  Tixed  conductor  and  cIom  to 
these  plates.  By  their  repelling  action  these  vertical  plates, 
thcrcTorvi  produce  an  initial  turning  force  on  the  vanes. 
The  lower  end  of  the  S[iindle  {uKtes  through  a  guiding 
hole  ill  a  plate,  G,  attached  to  these  fnxsoA  platek.  Tlie 
instrument,  when  used,  has  to  be  carefully  levelled  by 
means  of  the  three  levelling  screen.*  upon  which  it  stands, 
and  tn  assi.st  in  this  o|>etatiun  a  small  i:ir4:ul:ir  level  is 
|)eniianently  fixed  inBi<k  the  shalloir  l>ox  at  the  lop,  wilhiii 
which  the  pointer,  I,  moves. 

Since,  nhichevx'r  lA  the  two  sets  of  condurlora  is  at  the 
ht);hei  polentbl,  Ihc  tanes,  V,  tend  to  move  so  as  to  jiass 
within  the  conductors,  C,  the  deflection  of  the  indicator  is 
always  in  (he  same  direction,  and  thus  the  instrument  is 
availal>Ie  for  measuring  alternating,  n.i  welt  as  steady  )*olen- 
tial -differences ;  and,  for  the  reason^^  alieady  given,  is  better 
for  the  former  purpose  than  any  galvanometer  form  of 
voltmeter. 

IIk  other  type  of  Instruments  tliat  arc  available  lor  the 
measurement  of  the  pressures  in  an  .iltemate-cuireni  circuit 
ate  the  Ihtrmal  f^/lmtttrf  of  Cardcw  <|JWge  3951  and  others 
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Tdesc  inNrriinwiil.",  wliidi  (K'|*iiil  on  ilif  hc^ititif;  nUect  of 
a  curu-nt,  arc  nnalTectcd  Itj  a  cltangc  in  ihc  direction  nf  the 
<:inTcn(.  Akrt.  ihcy  liiive,  an  a  nilc,  .1  vciy  small  inductance 
an<t  II  l.irjjir  nHisi.iiKv,  to  ihiil  tlu-ir  limc-i'oniiiant  it  ultnosl 
nqjligibk-  ami  dioir  iiiipciiaiiio  1*  i)ta(ti(all)*  cijtial  to  ilieir 
resistance.  The  chief  "lijecliofB  lo  llie  use  of  galvano- 
meters as  voItmcU-rs  (l<>  not,  ihcrfforc.  ajiply  to  the  ihcnnal 
iir  fii>l;mr<  loltmotiin.  'I'lic'sc  am,  ihcrefori-,  bu  (thrud  on 
an  alioniRic-Mirrent  circuit  for  the  |itir|>(Mc  uf  ine^HUting 
ihc  menu  value  of  the  I'.U.  between  any  ivro  jwiints.  As 
regnnU  the-  inteT]>tetation  of  the  iiitMning  »r  the  delleclions, 
the  Slime  Te!iur)cH3[>p1)'.i.swercnvi<!c(|Uf:es44i  .1^1443)  on 
the  intet|iici3lion  of  ihc  readings  of  aiiiinetcis.  That  is, 
if  the  insii-timcnt  has  Itcen  ni)il>mti-d  t>y  ii«in^  steady  i'.D.K, 
the  n-adin)^  iiiii»,  in  mo.ti  [nacticil  casc^  he  niutii|tlicd 
by  o-g,  to  give  the  mcjm  value  of  the  l*.D.  that  is  bciiij; 
measured. 

I'eiuling  the  i»oilU(-t>nn  of  a  sufficiently  sensitive  and 
{intctkal  clccirosutic  voltiuelcr,  hot-wire  voltmeters  are  now 
beiDK  bfyi-lv  iisc'l  ill  .-(licrn.iicfiirri-iit  iviirk. 

(0)  Power  Measurers  or  Wattmeteri.  -When  hc 
pit!w  lo  the  measurement  of  the  |)ower  consumed  in  an 
ahcrnaiC' cut  rent  circuit,  wc  find  the  same  diflficully  ton- 
fronting  us  in  the  use  of  clecltomagnetic  instruments  that 
occurs  when  a  higli-resi.-itantc  }|;alvaiton)eter  1*  cmploywl 
to  meawite  the  IMX  of  the  circuit.  For  a  reference  to  the 
preceding  chapter  will  diow  that  all  siieh  electromagncltc 
instruments  for  continuoii'^  currents  cnnjiiit  esscntiaily  of 
two  pans  i-<Miil>ined :  namely,  an  aromdcr  and  a  voltmeter 
part.  It  is  in  lite  latter,  Ifeeause  of  its  high  irHluclance, 
that  the  ditfiriilty  occurs. 

In  same  of  the  inaiutnenis  at  present  in  use  an  attempt 
ia  made  to  reduce  the  dLiiiiil>ing  factor  to  a  minimum  I>y 
using  only  a  small  part  of  the  high-rc^it.-l.iivce  tirciiil  for  the 
pur]Mse  of  i>rudiicuig  the  inaf;rtciic  effect  required,  and 


A  so 


TlIK    StKCTItK  Ct/MKK/Vr. 


malting  thv  (est  uf  tlw  «:irruil  to  cunsixl  of  n  retitiUtncc 
with  HO,  or  inapfrteMhlt,  Mii<la»<f.  For  ihc  i)i:«tiirlMR$; 
i:(F<i:cl  (if  iniliiounre  in  any  circuit  *lc|>cn<k  U|)on  llic  raiiu  of 
the  inductance  lo  tlic  raiBtante,  or.  in  oilier  wtmlk  on  tHe 
time << instant  «f  ilic  rirciiit.  Thas  in  ihe  dbgram  of  l-ig. 
XI,  if  thi;  rt'%iitjm:c,  K.  lie  \a\%<i  cninjinri-cl  lo  the 
resistance  of  ihc  C(mI.  V,  and  K  lie  sn  wutiiu)  iis  lo  liavc 
no  in<hic r.in<'L'.  ibcn  the  loUl  imltiri^m^i-  ofthr  \oItmrlcf 
circitii  nill  lie  sninlt  at  comjMrml  with  iu  n-isiMnnce,  ancl, 
therefore,  its  time  contil.itil  will  aUii  Iw  small.  In  lliis  way 
nn  iiitein])!  is  made  to  cause  the  disttirbing  cITix't  ol  ihc 
indiictAnre  of  tlic  voUnulvr  circuit  to  lie  ko  small  u  In 
lie  prAi!iiolly  negligible.  'Ilw  tenili  ciin  only  Iw  accom- 
(ilLsUctl  by  making  the  voUnietcr  \a\\  of  the  inUnirucnt 
v<?ry  scnsilivo,  for  the  magnetic  cfTecl  prt>duc«d  by  the  coil, 
V  (I''ig.  31  ■),  depends  upon  its  inducUnt^c. 

A  tjrpicnl  inUrumcm  of  tliis  class  is  Stpinhurn^s  ^oti' 
InJudivf  W«llmetri\  ihe  cxlcnul  ;iiij>ciitniwc  of  which  \\ 
illuMraied  ill  W\f,.  133,  whilst  the  noikin^  pnTis,  with  one 
o(  the  .-imini:ter  coilft  removed,  arc  shown  on  a  brgcr  «-ale 
in  I'ig.  133.  The  principle  used  is  the  same  .i«  that  employeil 
in  the  eleclro-dynaniometcr,  and  dc|K:n<l»  U(Htn  ihc  mutual 
action  between  the  currents  in  fixed  and  movable  coiU,  the 
rani^nctic  fti-tdi  |troduccd  by  which  arc  at  right  angles  to 
one  another.  In  this  cue  the  fixed  coib  cany  the  total 
cutrenl  of  the  circuit  wh<nc  jKiwcr  has  lo  be  mejuured. 
fjne  erf  them  is  »liown  in  position  in  Fig.  aaj ;  they  arc 
supported  by  gun  nielal  rolumns  from  Ihc  four  little  parallel 
aru]  hnri/onlal  |Mllars  on  which  ihcy  slide,  and  ate  clani|)cd. 
The  au&pendnl  w  volimcicr  coil,  which  is  quite  small, 
coniisis  of  fine  wire  wound  ujnm  a  mica  cylinder  mounted 
on  an  ivory  spimlle.  This  spindle  passes  through  guides 
above  ami  l>elo«-  llie  coil,  and  is  suspended  bitwecn  two 
fine  {>lKisphorbron^e  wirrs  lop  and  Iwltuin.  The  wirei  arc 
sirt.-tcl)e<t  inut,  and  the  ui'jwr  one  is  auschcd  lo  a  lorsion 
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head  carrying  an  iiulcs,  which  mows  over  a  f;rat!iiaic(l 
MTik'.  As  ill  all  such  inhiruincnu,  Ihu  TiMilingf  h?.\x  i*>  W 
lalcL-n  wIk-I)  lliv  movable-  ci^l  is  in  a  <eR>  (wsiiion.  'I'hin 
[KMJlion  is  iti<li<-atf'l  liy  a  iiDtiitcr  iiuivinK  (jvit  ihc  bevclkd 
blorii  at  llic  lioiioin:  iht  Llo':k  is  illiimiiulci)  l>y  llic  luvrcr 


SwinbuKK't  Han-laduciln  Waimcttr. 


window,  IhiI  the  position  of  the  pointer  is  observed  through 
a  Itolc  in  ihc  upper  dial.  'Ihe  nnglu  ihrough  which  the 
inrsioii  hoad  tias  to  be  lurncil  lo  IwiiiK  tlif  iioinit-r  I"  /.eni 
IS  pro|K)riional  to  the  waits  iltai  arc  being  measured. 

As  already  vx(>lained.  a  TesiUancc.  K  (Kig.  2ii>,  is  put 
in  M;n»  with  the  movable  coil.  For  low  pmstirefl  Ihix 
resistincc  is  cariicd  in  ttie  base,  bin  for  hi^h  prcsiuriM,  such 
a«  1,000  vi^ts,  K  has  (o  h.ivc  a  value  of  about  80,000  oltnis, 
and  IIm;  cMb  arc  placed  in  u  M.'iKi'-tle  box.  With  these 
i(  ti  I 
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rcsititaiKes  K  is  claimud  iliat  the  lime-constant  of  the  wll- 
nicier  circuit  is  practically  ncgli^bk. 

In  Fig.  2i\  tticrc  is  depicted  di^grammalic^illy  an  in 
t;i'i)ioiiti  mctliod  of  niiasuring  the  jmwi-i  of  an  aliernalc- 
cuncni  riirtiit  wiiliotit  uin|iU>yin^  any  vultineiei  coiK  ai  all, 
and  thercCore  avoiding  the  diDiciilties  due  to  lliejr  in- 
diiclanci?.  It  depends  upon  tlie  siinultaiieoiis  ohMrrvniiont 
of  ihtM  elect rO'dy»aia(>niclcrs  used  a^  amineicrH,  an<l  b 
a  modification  by  l>r.   Klemini;  of  a  similar  method  dtic 

to  I'lofeNtor  Ayrton  and  l>r. 
Stimpncr,  in  tihidi  three  volt- 
meicra  wctc  employed.  The 
circuit  in  irliich  the  poirrer  has 
lu  lie  meawred  is  reftinented 
by  >i K  .md  «,, ««  and  «,  are  Ihc 
nmiiicten.  Of  these  A|  has 
l>as&iii;{  through  it  the  ninents 
•nthc  circuit  a  A/ajb  traveled 
y  the  currents  in  a  shani  cir- 
cuit, <-</,  made  up  of  a  non-in- 
ductive resistance,  r,  of  known 
value  in  series  with  <■, ;  and  *, 
tnkes  tlie  nhote  of  the  currents  |xi!<^ing  throtigh  both  cir- 
cuits. In  these  circumstances  it  can  be  shown  inathe- 
matically  that  the  watts,  W,  used  in  ihc  circuit,  n  h,  arc 
given  by  the  fonnula 

wbcTc  A„  Af,  and  A^i  arc  the  readings  expressed  in  amp^cs 
of  the  three  iRBtrumcnis,  and  r  is  the  value  of  the  non- 
inductive  rc»isl;mec.  t*nfortunaiely,  to  obtain  good  rcsulu 
the  current  in  ct/  has  to  be  comparable  with  that  in  a  h,  and 
thus  the  method  leads  to  an  appreciable  U»s  of  energy. 

Other  methods  have  been  devttetl  for  overcoming  ihc 
dit5cullies  of  measuring  power  used  with  alternate  currency 
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but  a  (lescriplioi)  of  ihem  would  lead  its  far  beyond  the  plan 
of  this  work. 

CD)  Pablic  Supply  iDstntments.— Considering  tlie 

importance  and  extent  ol  the  vatious  alternate  -  ciiirent 
supply  Melons  that  arc  now  delivering  energy  by  means 
of  such  currents  to  tlw  geni;ral  public,  doubtlcu  more 
inkiest  atl^iches  to  ihe  instruments  used  to  measure  the 
energy  so  »ujiplied.  than  to  the  altcmjce-currcDt  instruments 
flheady  described,  And  this  intcrnt  h  fully  justified  on 
purely  scientific  grounds,  fur  several  of  the  instruments  that 
have  becii  deki(;ncd  fur  this  puriK^c  exhibit  beautiful 
applications  of  f>omc  of  the  less  generally  understood 
cicttrieal  laws  to  pnictical  purposesi  of  measurement,  and 
by  studying  tlie  details  of  their  coiislruction  «  fresh  and 
channed  insight  is  gained  into  the  nature  of  the  laws 
themselves.  We  therefore  need  not  ajwlogisc  for  devoting 
a  short  space  to  the  description  of  one  or  two  such  instru- 
ments, widely  differing  in  llieir  details  and  method  Oi 
working. 

'Pile  great  difficulty  in  designing  a  satisfactory  alternate- 
current  energy  meter  is  that  already  alluded  to  in  speaking 
of  the  corresponciing  wattmeters  -namely,  the  intluctance  of 
the  pressure  part  of  the  instrument,  where  that  part  acts 
electro  magnetically.  I'or  it  will  he  remembered  that  an 
"  Energy- Meter  "  is  simply  au  integrating  irattmelcr.  On 
account  of  this  dillicully  some  of  the  meters  used  are 
(imply  (oulomhmtltrf,  and  the  consumer  has  to  trust  to  the 
supply  company  to  keep  the  pressure  tronslanl,  and  so 
ensure  a  lair  talcubtion  of  the  total  energy  supplied. 

The  EJihu-Thomson  meter,  already  described  when 
dealing  with  continuous  current  meters,  is  one  which  is 
capable  of  measuring  a  It  ernate -current  as  well  as  continuous- 
*:uneni  entrj;y.  This  is  iKTause  the  ptevsure  or  voltmeter 
ciicuit  through  the  armature  has  its  imiK-dnncc  very  nearly 
equal  to  its  resistance,  a  result  portly  due  to  the  absence 
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ofinin,  nnci  juiitly  lo  tliv  inwiiioit  (»f  a  lnri;e  ncHt-iniliiclin 
rL-:(ii>um:e  in  si-rivi  wllli  ihc  imttictin:  rciiMiim'c  of  ihe 
.iriiidtiiTi;  ittcir.  TIk-  t;ulil>Tnii(>n  uf  ihe  inslniiiicnl  »,  tUctc- 
foil',  very  link  a/Tccletl  by  a  change  in  iht  frc<|ucncy  of  ihc 


cnrtcnts,  thm^li  it  vrill  be  rcmtmhciL-d'  ihar  tltt.- rici;iiL'nc>' 
xlTccis  the  iin]fC(lance- 

Thc  next  mclcrtO  which  ui.-  ;<li.ill  rijkr  I'C  nsctl 

wtlh  alii:nia1c  i:uir«nU,  as  iU  MOtkintc  lU-y  ri  ihoM: 

proiKrlivs  of  iuth  cutrvnu  whicli  distint^ubj)  ilirm  fiuin 
( iintimiuuk  cuiu-iiu.     It  in,  in  tact,  a  >nt.ill  allunutv  citnvnt 
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iiKitor,  nilli  itN  !^|h;uiI  suiUiMy  tcintTollciJ,  ;inil  w  far  re- 
M-mtilc?  ihc  ICIihu-Thoiiisoti  iiielcr,  ftum  which,  howcvi-r, 
it  ctMiipU-itrly  tUSvn  in  all  (hc!  c^scniial  ilciails  of  its  c^i- 
Kiruction  4n<l  mude  of  action,  '['he  inclcr  is  known  as  the 
"  Shallcnbergcr  Meier,"  h:ivin|{  been  dcttgncd  by  Mr.  O. 
H.  ShalknlKr^er,  ihc  clei:liici.in  lo  (ht  Wcsiinghousi- 
Com|i.-ir))'  or  I'iitsUity,  i'L-ni»sylvani*.  We  thall  fiist  de- 
Ecribe  its  eonstiuction,  and  then  explain  iu  inodc  of  action 
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sonH-nh.K  minutely,  hs  the  (.-xpbnalinil  will  bu  ol  .issistanoc 
to  us  l^ili-r  on,  in  roii.vtdtrii^  iilli-inalc  atrri-nl  niotors. 

Ttvc  internal  apiicjidncc  of  ilit.-  nielcr,  with  llic  ptoleciing 
CJise  removed,  is  shonn  In  Kig.  laj.  At  ihc  top  is  an 
ordinary  set  of  1  ounting  <li.iK  which  n'){i.tler  hy  means  of  a 
worm,  ^eariii^  inlti  the  fust  whtcl  of  a  train,  llit:  loial  nuni- 
txt  of  levtriution^  of  a  vertical  spindle  set  in  motion  by  tlie 
action  of  Ihc  current  that  lus  to  be  integrated.  Beside  this 
wonii,  lite  spindle,  nliich   is  very  carefully  moimted   on 
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hardened  nud  polished  pji-ots,  nrrks  only  (he  ftiui  light 
Alumiiuim  vnntr^  seen  nt  the  tower  pari  of  (lie  figure,  and  iho 
lif^ht  virou);lii-iron  ili»c,  ir,  vhowii  ntore  clcatrly  in  l-'i^  12b, 
whiih  ic|>re)«nt«  ihedvriiical  poiis  of  the  insiriimciil.  'Hksc 
lust  CQiiMiit  of  ihc  tiro  Uiiek  wire  coils  '"'■.  »'htch  tiir^y  the 
(oul  current  fiassing  to  the  <:on»un»cr.  Inside  theie  coils 
an.'  the  coitt,  A  /;  of  .-i)>|iro\imatv1y  nxlanjuuUr  s)ia)>c  und 
cIoMcly  ciicircliiig  tlic  diw  wiilMiut  touthiti};  iL  ']1te  coils, 
/>  f",  irolisist  uf  simple  fliil  <  'it>|iLT  strijks  forming  rlused 
tirciiils,  and  i>lai-i.-<l  side  !»>•  side ;  tt»c>'  ate  iiKuaUy-  wrt  with 
(bcii  axJH  at  aIioiU  45'  to  llw  axi.t  tA  lite  coils,  tf,  but  llib 
un^'*-'  i"  <^|>al)le  of  adjiisinK-ni,  and  lite  iit^irumciit  is 
calil>(ai»]  by  alieiing  it  until  a  known  ciiiicnt  ^ivcs  llie 
re(|uircd  nunibvr  of  revolutions  per  ntinuie. 

To  inidciMnnd  why  the  disc,  a,  rotAte»  w)icn  nn  ultct- 
iiatc-mrrent  is  ixisu-d  through  the  coils,  e<,  vc  must  care- 
Ailly  con»der  the  consciiuenccs  of  the  laws  of  clcrtro- 
niagneii<-  action  and  induction  already  explained.  In  the 
first  place,  a  great  number  of  tlie  lines  of  force  due  to  any 
current  in  Ihc  coil,  iV,  will  pass  ihio<igh  iIk'  coil,  ^A.  As 
tlie  ciiireim,  (>;  are  rapidly  reversed,  the  number  of  lines  of 
force  due  to  ibem  which  |xi»  through  h  i  vrill  be  eonlinuall)) 
changing,  and  theiefore,  since  the  coils,  ti>,  fotiiicd  doMxl 
circuits,  (here  will  Ik-  currents  induced  in  lliein  of  ibc  same 
frcijucnty  as  the  currents  in  the  roils,  cc.  Itui  the  E.M.F.'s 
induce<l  in  b  fi,  dejtend  on  the  rate  of  ('hang,e  of  the  cur. 
runts  in  rf,  and  at  this  rale  of  change  is  greatest  when  the 
CUrientH  ure  uto,  and  is  nought  nlien  ibc  curieniA  luvc 
iheir  iiMxiniutn  inujiivi-  and  iiegntivc  values  't  is  obvious 
that  ibe  induced  l-.M.F.'n  lag  a  quarter  uf  a  |ieriiid  in  [tbasc 
liehind  the  currents  in  ff.  Aa  fii'  ii  not  without  in- 
ductance, the  ctirrenls  lltcfoin  Ing  a,  liitte  behind  Ihc 
impri-sscd  F.M.I-.V,  am!  ibcrcfurc  are  raifujf  more  than  u 
<iuarler  of  a  period  behind  the  currents  in  c*. 

Next  consider  the  tnultani  mastnctic  Acid,  u  repre* 
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senled  by  the  |>«lfs  which  llirte  joinl  (.utienls  sel  up  in  ihv 
disc,  a.  Aa  i[  will  not  afl«ct  the  KCit<--ral  result,  uc  ^hntl,  for 
Kiinplicily,  suppose  ihc  currents  in  bb  to  bv  exactly  a 
iHLuit-r  iKriod  bdiind  those  in  ct.  'I'lte  current  in  if,  if 
iictini;  ulonv,  woiiUl  produce  polen  in  the  disc  at  1'  and  I'', 
incrcMini.  diminishing,  and  changing  sign  t*nctly  in  time 
with  the  changes  in  the  current.  Similnrl)'  the  currents  in 
f>  /'  nlone  would  |)ro<lucc  ximilarl)-  chiingiii);  [teles  at  /  and  /'. 
The  joint  effect  is  easily  sten,  if  we  remember  that  when  ec 
pruducc^  ii»  imaximuin  poles  .it  I'  and  I''  there  is  no  cur- 
rent in  b  If,  and  therefore  no  poles  at  /  and  f>',  and  viff 
jvrnit.  Thus  at  one  instant  there  is  an  cfleclive  noith- 
Seeking  |Kile  at  1' ;  a  quaitci  of  a  [wriod  later  there  is  an 
cltective  notlh-seckinj^  pole  M  /> ;  a  iiuaner  of  a  jwriod 
later  this  pole  has  moved  round  to  P' ;  and  a  i|uancr  of  a 
feiioil  still  Liter  is  si  />' ;  and  so  oi>.  At  inlermediaic 
instants  the  eflcciivc  nonb  seeking  pule  is  in  imcrnicdiaic 
positions.  The  general  effect,  then,  is  ihat  we  have  a  rvM- 
ing  magnelie  fitldf  which,  if  the  disc  were  held  fast,  would 
])roduce  poles  in  it  rotating  in  the  direction  of  the  arrow. 

To  understand  how  this  rotating  field  causes  the  disc  to 
rol.ite.  we  must  remember  that  the  disc  is  a  conducting 
niass  forming  innumerable  possible  dosed  circuits  in  all 
directions,  through  which  the  lines  of  force  of  the  rotating 
field  must  successively  pas«.  In  these  circuits,  therefore, 
K.M.F.'s  will  he  set  up,  producing  swirls  of  nitrent,  which 
Lig  a  little  bil  in  phase  tiehind  them.  On  this  slight  lag 
depends  Ihe  whole  action,  for  the  effective  field  gets  a  little 
in  front,  in  a  position  to  attract  Ihe  circuit  c.irrving  the 
current  nhich  it  \\i,%  just  set  up.  and  thus  the  disc  follows 
Ihc  loiaiing  field  round. 

tVtf  have  nln'ady,  in  connection  with  the  Elihu  Thommn 
tneU'r,  <Ih-cIi  fully  u|Kin  tlie  ne<-essily,  in  a  motor  meier,  (or 
balancinj;  ilie  turning  torque  due  to  the  cicctio -magnet ie 
aciioos,  by  an  equal  frictional  torque,  so  that  the  speed 
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limy  l)e  perfectly  Kindy  for  »  given  cunvnL  In  the 
Shallcniicigvr  nn-tvr,  i)ic  turning  tor^iiie  u  |)r»|Kirtiuiul  lo 
llic  )M)uarc  of  ittc  cucreni,  and  a%  llic  siievd  ni  roUlinn  uiubI 
vary  dirtvily  .nx  the  airrcnt,  ihc  fiiciion  bri-ak  must  scl  up  a 
rcUrdin^;  furce  [wopofiiuniil  to  (lu;  iH|iisrc  »i  the  .tiiced. 
The  metcri  ss  shown  in  Fi^  115,  ii  co^'ered  by  a  cIosc- 
rutiug  case,  and  the  aluminitim  v-ines,  fixtil  on  On-  lowt-r 
lurt  of  the  Kpiiidle.  chum  the  air  in  ihe  lower  jmii  of  ihu 
case,  thus  setlintt  up  the  ie<]Utred  rulArdinK  furce. 

Polyphase  Alternate  Currents. 

One  of  Wve  y,'n:Mc=X  diMdvan(4|;n  of  the  oidinaiy,  or,  a^ 
it  way  be  cjilled,  llic  MMf/r/viun'.aUcmBlc  current  is  ihol,  up 
10  the  preiicnt,  it  hiu  not  htcn  roun<l  jiouihlc  to  r«-canvcit 
il<i  energy  bock  again  iniu  mcchanicdl  energy  in  an  etTkiciit 
and  satisfactory  manner.  Wherever  power  is  to  be  u>ed  for 
cither  lighting  or  heating  (luqiosn,  ordinary  alternate  cur- 
rents arc  of  great  service  iii  lran<ki»itting  it  economically 
over  Ion;;  dislaiKcs,  but  when  the  poiter  b  rc^uiicd  .it  llie 
distant  end  in  the  form  of  ordinary  ntcchanicjl  power  for 
driving  inacltinery,  these  cuneiits  have  hitherto  been  almost 
useless.  Tbb  is  owing  to  the  fact  that  a  thoroughly  sato- 
factorv'  ele<-tric  uw/.ir,  or  machine  for  convi'rting  eUclric  tuto 
inocliaiiical  power,  hai  nut  yet  tKeii  devised  for  use  with 
ordtiuiry  alternate  cuncnts.  Such  motors,  however,  have 
bcun  sur<:essfully  employed  on  a  large  scjile  with  alternate 
cufTvnlN  of  a  (fcculiar  kiml,  Icnown  itn  (tolyphaM:  cunenti^, 
the  nature  and  production  of  nhich  we  projMoe  to  explnin 
briefly, 

In  Ihc  ctectric  transmission  of  power  b}*  ordinary  alter- 
nate curreiti-f  two  ronductorx  arc  ustrd,  and  at  any  inuaiil 
the  cinreiil  in  one  of  theM  »  eucUy  oi>|M)site  in  f^/kne  lo 
ttte  turienl  in  ibe  other.  By  this  wc  mean  that  tbc  ciiniml 
in.  aay,  l)ic  out^oin^  line,  reaches  its  ftiiHitr  niaKtminn  al 
ihv  tnme  inttant  thai  tlw  current  in  the  return  line  rcadtcs 
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its  ntgaliM  ntaxiniuin.  The  fMciioii  of  tlic  full  pcriodw: 
lime  wtiioh  mcasuics  lh«  inicrvjl  inlcivi'tiin);  betwcvn  tlie 
insUntH  at  wlikh  ciirrcnw  uf  ihe  same  {kjIoA  tuccessivcty 
icach  their  (jositive  iiLitiDU.  cx|.ictscs  ihc  diffatmt  >•/ {•^ust 
lictwecii  tlicin.  In  ihc  co&e  ju^t  cited  this  dilTcrcnci'  of 
lihn.sc  U  )i.iir  a  )>cri«l,  and  Ihv  ciinL'tils  arcxaid  to  l>e  in 
of/villf  fi/uilft.  Xtil  if,  for  i-xai»|»li%  th«  ]ieriiMlic  limu  be 
iJiu''*  **^  ^  s«<\md,  ntid  unc  cuircnl  rt-adics  its  [imitivc 
raiximum  .,l„tli  of  a  second  after  anothcx,  its  phase  is  snid 
to  be  Oflc-ihtrd  of  a  [>eriwl  U'hind  lh«  first- 

Now,  il  U  [KMsiblc  to  tranunit  \>wer  oleclricully  by 
mcnns  of  ullcnwtt  currenii  (tiftl-iinj-  in  pluisc  by  any  simple 
fraction  of  a  peiiud,  iirovidL-d  a  stitlirienl  niimlnT  of  cun- 
lUictorK  \tv  used-  '1  bus,  if  tlic  |(lvi»t:s  difl'cr  }>y  <>iic-fi(ih  of 
u  [icriod,  tivu  tintn  muM  he  used,  and  so  cti.  Such  currents 
nrc  ullcd  peJjffhasf  (urrmls.  A  nitihiphcntion  nf  the  mim- 
her  of  linra  has  olivioii-  dbadv;int;i}tfs,  and,  ihcrcfon,-,  at 
present,  only  ttirix  lin<rs  arc  used,  and  ihc  ciincnU  iii  these 
differ  It}-  oii«-llutd  of  a  period.  Thu;,  at  a  eerfain  inslant, 
one  line  would  be  cairyinj;  a  positire  cnirent,  equal  in 
magniiiidx:  to  the  sum  of  two  negative  niirents  in  ihe  other 
line*.  An  insliinl  later  the  first  and  second  Hnc  iroutd  both 
be  carryint;  jKMitive  curicnis,  t^jual  in  Mini  in  :i  sii^c 
negative  cnrrenl  in  die  third  line,  and  so  fortli.  '1111:  eon- 
dilion  is  ih.it  the  a/;:ffritK  sum  of  lliv  <:iirrents  in  the  three 
linrs  >huuW  always  be  L-<|Ual  to  zero.  In  uhat  follons  we 
shall  confine  ourselves  to  ihis  osc  of  three  cumanis  differing 
in  phase  b)  o<>c  ihiid  of  a  period,  and  tliercfore  known  as 
ihreepktiti  cuneiili^. 

A  litllc  consMjcraUon  of  (Ik-  laws  of  inagnelo-elccriic 
indtKliiiti  will  shun-  that  it  is  t|utie  easy  to  generate  three- 
ykaOK.  curfLiils.  Ixt  A,  It,  and  C,  Fi^s.  227  and  la^t  \k 
ihrii*  exactly  siinil.v  coils,  efiuidi^-iani  froiii  one  another  im 
the  ring  ann.iltitL*  nl  >i  twoiwle  dynamo,  l-'or  a  moment 
su|>|>osv  each  coil  l»  be  disconnccled  from  Ibe  other  and 
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closed  on  itself.  As  tlie  riug  rotates  siternalc  E.M.K.'s  nncl 
lliv  coiTcspunding  currcnls  will  Ih-  mtI  ii(>  in  iIk-ih*  mlt,  uml 
it  is  iiiiiR-  easy  to  kv  that  tlif  K-MJ-'.'s  will  rea<:h  ihctr 
(tositivc  maxiiiu  at  tiuccewive  n^omimis  o(  Itiiic,  separated 
by  intervals  equal  lo  one-tliini  of  the  time  taken  by  ihc  ring 
to  make  a  complete  levotutton^that  is,  onv-lhinl  of  the 
liine  of  11  (oniplcte  alieinaiion  <if  each  K.M.F.  These 
induced  E.M.F.'s  therefore  dilTrr  in  fhaie  by  one  ihiitl  of  a 
period.  The  arrow  heads  are  intended  lo  rcpTMcnl  the 
direciioits  of  the  E.M.l-'.'s  at  the  iitsUnl  oonKidHcd,  the 
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rotation  uf  the  rin^;  bein^  dijrkwtie.  Thus  in  A  the  E.M.F, 
is  increasing,  in  B  it  is  diminishing,  but  is  in  the  same 
direction  as  in  A,  whilst  in  C  it  is  also  diniini^ing,  but  is  in 
the  o|)|)osilc  direction  to  what  it  !.->  in  A  and  I). 

'I'liL-te  are  several  via)-ai  in  which  these  induced  E.M.K.'* 
ruay  be  made  lo  supi>l)'  ciiircnu  to  extem.i)  circuits,  and 
two  of  tlKse  are  represented  in  the  duigratms.  In  l-'ig.  ja; 
what  has  been  called  the  "  Star  "  method  of  connerlion  is 
tiaed.  The  three  <:nrTes{ion4tiitg  evAa  t4  the  ociil.i  aiv  con- 
nected tottetlter  at  a  noniiiKUi  junction.  },  and  the  Ihuv  other 
ends,  a,  b,  and  •;  are  bioui^hl  lo  three  insulated  rings  un 
ibc  axle  of  ihc  machine,  from  which  sliding  lirushui  cnny 
tbc  rurrent  lo  the  line  wires,  which  in  iheir  turn  hive  a 
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common  juiiciion  in  tlic  distant  appa»iu&  At  tlic  instant 
rcpccscntcd  rurrcnU  nic  going  uut  from  it  and  /',  whose  sum 
i«  <.->|iul  in  iiiagnilud«  to  (he;  return  nirrt-ni  entering  at  f. 

In  T-'ig.  32S  the  "MeHh"  incitiod  oi  rdnni-iiion  is 
rejirescnlcd.  Here  one  end  of  ca<^h  coil  is  connected  to  tlic 
beginning  of  Ihe  next,  -is  in  the  ordinary  Granime  ring ;  liiil 
the  ]>oinls  .f,  I;  and  e,  instead  of  being;  jm'ntd  to  the  se^maits 
of  a  three-|iait  roniinuintor,  are  j<>ine<!  tn  insulated  (^ollectln^; 
rings,  rrom  which,  as  in  the  "star"  method,  thioe  phase 
currents  can  be  supplied  to  three  separate  line  wires.    At 
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the  instant  represented  the  current  going  out  from  u  m-ill  be 
etpial  to  the  sum  of  the  current*  in  x  and  /,  and  inter- 
n>edjaic  between  them  in  phase.  The  current  from  /'  will 
be  equal  lo  the  dilk-rencc  of  the  currents  in  s  and  }\  whilst 
the  current  entering  at  c  will  be  equal  to  the  sum  of  the 
currents  in  x  and  ^  As  before,  in  the  outer  wirc^  the 
cuneni  comir^  to  t  \%  ei]ual  to  the  sum  of  those  goin^  from 
n  and  b. 

In  the  preceding  section  of  this  book  «c  have  given 
details  of  »u  manjr  oltemalort,  that  it  \i  pcrh.-i|i!t  not  neco- 
ieay  to  deuribe  a  three-phau;  nuchine.  Such  machines 
are  usually  muUipohr,  and  their  armature  coil^  arc  simply 
dividcd  into  three  sets  so  placed  relatively  lo  the  poles  that 
tlie  E.M.l-'.'x  induced  in  them  differ  by  one-third  of  a  period. 
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Onv  en<l  uf  carli  set  of  coils  \s  brought  to  a  coUcciing  nng, 
ant!  llic  oiIk-j  i-nils  are  jwncH  up  iniiilv  iHc  niachtnff  ari~<i«l- 
ing  10  irilltcf  ihv  "sU)t"  (ir  "incsli"  mciliudi'  v\|>Uinnl 
above,  or  til  one  of  the  other  inore  cniiiplii'jitetl  wayti 
thi-oirtioillv  pfi<!«tik'. 

Bleotpio  Waves. 

tteforc  closing  ihi;^  rh.ijitcr  .1  liiicf  rcfcrviKc  rtuy  be 
mailc  10  a  subjwl  which  hxn  exoiKd  ffvM  inii-tm  tiiitii^g 
thi:  lii«  fi'w  jrciirs,  not  only  in  ibt  wirniiAr  »i<nW  but 
alsu  aimin^jM  th.1l  Urge  section  of  itiv  (cenn.il  iillblii*  nhkh 
kcc|i&  niorc  or  less  in  [oucli  with  tti«  M'icniilic  jtrugren  uf  (he 
time ;  a  subji-cl,  i^toreovvr,  which  lias  Int^cl)'  m«(lifk<l  our 
views  of  the  wwiffi'Jc/(''nWMtfd<^T»c  [iheooti icon,  and  boldl 
out  |)toTQUes  uf  Mill  funhei  ^dv.im  c  in  ihe  liut  distant  future. 

In  the  preccdin):  4-ha|iicn(  .iitcnliun  hns  bcL'i)  drawn 
repeatedly  to  the  noce^ily  of  exuminitig  the  actions  talcing 
placv  in  ibc  unrounding  media,  iitMcad  of  eonritiin;'  the 
attention  10  ihc-  conductors  and  the-  nholv  trend  of  rctni 
Ihcoiy  and  nrKcarih  hax  bcvn  in  lite  direction  of  ampHfying 
OUT  knowledge  of  those  actionii. 

Two  kinds  of  strain  enCT)(y  e:Ki»ltnK  in  the  medium  tiare 
liceii  referred  to ;  one  very  fully,  the  other  briefly.  The  first 
b  the  magnetic  enct^y  in  tlw  medium  unrounding  a  ton- 
doctor  in  which  a  current  is  flowing,  ilic  other  (page  396) 
Ik  \\w  ctetrirontatic  strain  energjr  wliich  exists  in  Wir  dielectric 
that  si;|iar:i[cs  two  conductors  at  diRefcni  potentials.  Iftliu 
cuncnt  in  the  one  cnsc  or  the  P.D.  in  the  other  be  Meadily 
tnaintairKd  Ihe  nugnvlK:  or  the  clei-truMatic  iWld  is  ijuilc 
steady.  But  consider  what  niuit  happen  whilst  ibb  stale  of 
Kiniin  in  cither  caw  'a  Iwinj;  set  v\>.     Thi-  '  io 

the  nwdiuin  when  the  steady  «atc  is  rc-i  ■    ivd 

from  the  ^wtrcc  of  enercy  to  its  fmal  jto^ition  tItroiq|h  the 
medium  in  a  kind  of  pulse  or  wave,  whtcti  must  take  tiii>e  In 
re«ch  its  de^iiatkin  by  a  conlinuoiis  gxith  \    at  least  this 


Hcems  ihe  only  way  in  which  wiit  tiniic  inklliKcnrc  con  vwa 
vaguely  aiicini'l  ti>  follow  wh,-it  i-t  iskin^j  |iUi~«. 

To  tiimilify  llii:  irow;.  Iirt  ii*  cotisiilcr  only  lUe  in.ijtnelic 
field  clue  (o  a  current,  as  hciuf;  lite  one  wilh  whirli  we 
have  ino&t  fainiliAiisci)  mir  rc-iilcTi:,  mcnrly  tcuiaikiug  iliat 
corresponding  rnn.iidcraiion  will  n|>[>l]r  to  the  «i<;('ir(»l»li<* 
lid<).  ^nd  indited  ttiut  both  Tid'h  nre  id  It  rc^nidcil  :is 
«niiilutieuu!il>  |(ttseiit.  Thcabovt-nicnlioncd  itrojaitJliuii 
nf  ihc  enirisy  of  the  field  must  takv  pbcc  during  its  sctlinK 
up.  Itut  whni  lvi|i[K'ns  when  the  ctiTrent  i»  !^o[>|>cd  ?  Wc 
have  iicen  that  inuc-li  of  the  enerj;)'  i^  thrown  hai-k  into  ihc 
circuit  and  retards  the  fall  of  tlic  cuncni.  and  Uicrcforo  the 
energy  or.cc  more  travels  throiii^h  the  mctliuni.  But  all  of 
it  mny  nol  rtra<:h  the  original  ciraiil,  for,  as  wc  have  seen, 
put  trt  it  may  9«  up  currciils  in  neiglibijuiinR  tiicuitJ,  and 
llius  be,  as  it  wen-,  iMttrcfUtd  by  thcni. 

Pass  now  fruni  a  sinjjk  make  ami  l>reak  of  a  current  in 
a  cln-iiit  lu  the  llucliiation!i  of  an  aliernalu  current  ami  xiill 
coriiitkr  ihc  inaj,'n«lic  field  only.  This  field  inusl  be  iti  .a 
continual  state  of  ilux,  growin};,  dimini>ihii)g.  revcrsinj^,  and 
so  forth.  The  disturbances  whi<-.h  |)roduce  ihcse  changes, 
and  which  wc  may  crnamly  call  tlfttrit,  must  Iw  travelling 
through  tli«  n>edium  front  ih«ir  source,  and  tuuki  lake  lime  to 
travel  fiioui  [joint  lo  point.  Moreover,  as  we  have  seen,  and 
as  wc  shall  see  more  forcibly  in  treating  the  alternate 
cunent  transformer,  much  of  the  energy  from  the  current 
gcncnitoTS  may  appear  in  distant  circuits  which  have  no 
conductive  connection  with  the  circuit  of  the  generator. 

Two  (Questions  may  here  be  fairly  a.sked.  If  the  above 
dUturbancex  Uavel  through  the  medium,  do  they  travel  at  a 
delinite  3|)eed,  and  has  that  s]>ccd  been  measurMi  ?  The 
aittwer  b  "yes"  to  both  questions.  There  arc  several  tn. 
direct  wa)'s  in  which  the  s^'cci)  of  protxigation  of  an  deciric 
disturbance  in  air  can  lie  measured,  and  these  were  very 
fully  elaborated  by  Clcilc- Max  well  in  Itia  cla.ssical  book  on 


1 


464 


TV/*  EticcTRK  CVKnayr. 


Elecrricjty  unil  Magnetism,  The  Tfsiill  of  ihv  niniMire- 
mcnts  is  thai  in  nil  voA^-t  iho  \pev4  so  nvarly  n|i|iiovimjti-:i 
\n  ihai  of  light  ttuit  no  tx-aMinal4c  itoubl  can  cxiM  n(  the 
identity  of  these  tvro  speeds. 

The  velocity  nf  light  in  air  is  about  180,000  inili-i,  or 
one  ihousuntt  mitltun  feci  per  Kecoml.  A  frei|iii'rK-y  of  100 
luicilljtions  per  s^iotxl  \s  rather  ahove  tlion  under  ikituf 
the  flliernate  airrents  in  modem  nllernators.  If  ue  su|>p(n(i 
the  diMurlancex  Net  u|i  in  the  mcttium  tty  Ihcue  nirrentt  in 
be  piopagaied  in  the  form  of  wavew  with  the  alK>vc  veldi-iiy, 
then  each  wave  niuM  he  about  yoo  (f>.  -'',^,;"'}  tnil«  long 
IrORi  crest  to  crctl.  It  »  obvious  that  we  caiimK  text  uur 
sii(>pntli(>n  by  looking  e\|Hiiincnialty  fot  the  ortllnntr 
]>lici)unicru  of  u-ave  moiitin  in  waves  of  this  unrnannccable 
length.  For  these  lest^  we  mtist  obtain  wave^  of  much 
shorier  Icngtli,  or,  what  is  the  xaine  tiling,  instead  of  iJie 
oicillAiions  Ix^ng  a  few  hundreds  per  iecond,  ihuy  muM  lie 
many  millions,  for  with  one  million  oscillations  per  second 
the  waves  wouUl  *lill  In-  about  one  thousaml  feel  Kw^. 

Electric  Oscillations.  Forty  years  ago  Locd  Kelvin, 
tlicn  Professor  Ihonison.  showed  that  thcorcliially  (he dis- 
charge of  a  ixydcn  jnr,  as  ordinarily  tjk en,  doe^  not  consist 
of  a  ^in^le  current  in  one  dirc<-tion,  btil  of  rapid  oscillations 
of  ciiirciit,  d)  in;^  away  in  much  the  same  manner  as  Uie  vtbrr 
lions  of  a  bell.  The  frequency  and  the  periodic  time  of  the 
oscilUtions  Were  shown  to  depcntl  upon  the  elecir«r>t3tie 
C3]>aeiiy  of  iIk  jar  attd  tlie  re&islatKC  and  inductance  of  Uic 
diHcharKing  circuit;  U..  upon  the  electrical  tinK--coTUtanls 
involved.  These  theoretical  dcdurtion«  were  afierwimln 
conchiMvely  vcrifieid  experimentally.  In  ordinary  cases  the 
frc<iuen<-y  ts  high,  mounting  up  into  millions  [kt  second, 
so  that  we  have  in  the  disiurbanres  set  up  in  iIk-  mrround- 
ing  medium  an  opporlunily  of  testing  whether  the  proji^ga- 
lion  is  of  ihf  ii;ituri'  of  w.-ive  molJoo. 

Herts'  ExperimentB.— rhcTc  still  remained  U 


a 


Ettcriii>-AfAcxBTic  T^iEOKv  oir  Lkht.       jfi5 

cully  of  how  to  delect  the  t-xUicncc  of  the  waves  ocpcri. 
meRUlly,  nnd  ihis  was  not  overcome  until  <iuitc  Te<:eiiily 
(in  iSR;}  h)*  Hertz,  whose  eajly  death  we  have  su  btdy 
been  called  u|)on  to  de[ilorc.  Using  ihe  principle  of  re- 
sonance, so  well-known  in  acoustics,  he  showed  that  very 
simple  .ipp»ratu«  imly  wa.s  ncccxury  for  (|uite  a  number  of 
ex|>eriinent»,  and  with  this  he  conclusively  proved  that 
waves  were  set  up  in  the  medium  by  ihc  discharging 
Lcydca  jars.  All  the  phenomena  char.ictcTisiic  of  waves 
— tuch  as  reHection,  rc-fiaction,  polaiiution,  and  so  forth — 
were  produced  and  examined.  Since  Herl^'  tim  jupers 
on  tlii:t  suhject  appeared,  numeious  workers  have  attacked 
the  problems  presented,  and  many  other  ways  of  detecting 
ihe  waves  hasv  been  elaborated,  in  addition  to  the  original 
He[|j:i.iii  Ke&onaion.  The  description  of  these  is  beyund 
the  scope  of  this  book,  hut  some  of  the  curious  properties 
of  the  waves  themselves  may  he  mentioned.  First,  there  is 
no  bti.-ach  of  continuity  in  the  series  of  mve-lengthx  which 
can  be  obtained. .  Waves  varying  in  length  from  a  minute 
fraction  of  an  imli  to  miles  have  Iwcn  produced.  Still 
more  cutioes  is  (heir  tiehavioiit  as  rejj^nls  ordinary  material 
objects.  To  most  of  these  waves  stone  and  bride  walls 
and  [Ktrtiitons,  ]>itch,  wood,  and  many  ordinarily  opaque 
ol)je<:ls  are  ftrjedty  Irantpartnt  \Vaves  ycnersled  outside 
a  building  can  be  picked  up  inside,  and  lutixrs'i  :  they  tan 
pass  from  one  room  to  the  next  though  ordinary  means  of 
commiinirntion  are  rarefully  closed.  In  fart,  (he  only 
class  of  subslatuxt.  u[)ai|ii«  to  theni  are  the  K<>od  eleclrirnl 
conductors ;  and  the  more  perfect  the  conductor  the  more 
ofii^uc  is  i(  to  the  electric  waves. 

Electro- Magnetic  Theory  of  Light—In  his  great 

work,  altcsdy  referred  to,  Clerk-Mu,\wcll  put  forward  ten- 
tatively (he  theory  that  light  is  on  electro  nx-ignetic  pheno- 
menon. The  chief  basis  of  (he  theory  was  the  experimental 
identity  of  the  two  speeds,  but  other  considerations  were 
1 1^ 
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a(l<)u<;v(l.  V.\ca  bclvrc  HcrU'  cxpcriini.t)l>,  tnoiit  tricntKts 
mIio  IukI  idii-ftill)  conxittcrvd  Maxwell's  iln-ory  liiitl  liuk,  U 
any,  doubt  Ihni  lie  vias.  right.  But  HcrlJi'  and  su1>se<)ticDt 
cxpniiticntE  have  conclusitct)'  piowd  ihv  (tractkal  identity 
of  lij^ht,  liCM-alk-d  radiant  licat.  and  ihc  clc^  inc  wuvcs  wc 
U.i\e  jiiu  lieci)  conNdcttng.  The  nuxti-  of  vibrati4>n  and 
till-  speed  uf  |iru]Migution  iit  voiuoMt  the  saine,  Ihe  only 
diHwcnccs  arc  those  of  wave-length  and  frc<itKncy.  'I'hc 
e)-<:,  in  fact,  is  an  clcciric  ut);an,  but,  wlictbur  furtunalcly  or 
unfonunuli-ly,  i[  would  be  pcrha|K(  ia»)i  lo  uy,  it.i  tiinKC  is 
vciy  limited.  Out  uf  the  myiMdii  ai  actually  cxbting  and 
{Hjs&ible  frequencies,  it  can  only  recognise  those  lying  within 
alxHit  .1  vinglu  ocuivc  tanging  from  about  5S0  lo  about 
7^*0  billions  of  vibr^lions  per  wcond.  Tin.'  setM*:  uf  he.it 
covers  a  wider  range,  but  is  not  so  sensitive  ot  definite 
in  its  indicnitions.  Outside  these  senses,  though  litcmlty 
immersed  in  tht;  wavcK,  wc  arc  ipiiie  unconsdou.i  of  their 
existence,  and  the  methods  of  detecting  tltem  that  we  have 
alluded  to  roust  be  ranked  antongst  the  greatest  discoveries 
of  tin;  liut  quarter  of  the  nineteenth  ccntwr. 

One  word  more  and  wc  must  lea^-e  ittiit  fucinatin^ 
subject.  It  is  well-known  that  in  the  science  of  optics  it 
has  been  found  necessary  to  ]>oslulaie  the  existence  of  A 
niedtuni,  tilled  the  "ether,"  for  the  transmission  of  the 
w-.ive-niotiuit  which  n  now  universally  rccugnlsetl  u  toji- 
stiiuting  lighi.  'Iliis  medium,  in  order  lu  satisfy  the 
e^|>crinKnial  conditions,  must  have  [>ioi)crties  which  it  is 
very  dirticult  to  realise,  as  lieing  possessed  by  so  subtle  a 
bully.  On  the  uthcT  hand,  wc  have  (he  mysli-rious  L-niily, 
which  since  ibc  lime  of  GiUiect  has  Wen  called  Elcciikily. 
What  is  it  ?  We  do  not  know.  ISut  a  consideration  of  tl>e 
cxpenuieuts  and  plicnonicno,  so  briefly  referred  lu  above, 
has  led  moie  than  one  thinker  on  Ihc  subject  to  put 
forwaid,  at  IcAst  tentatively,  the  iheoiy  that  J-lu/rkHy  and 
the  iM-nini/trtmi  f-.lhtr  art  kJcntkal. 
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cha!*ti;k  XI. 

APPLICATIONS   OF    THE    CHEMICAL   EFFECT. 

Th»;  nf*t  3s|Mx:t  in  which  nc  wish  lo  pivsciit  ilic  tittlric 
Currciu  Iw  olir  r(.'a<li;rK  is  ime  wlijcli  ilc.-tls  niili  ihosc  aiipli- 
cations  by  whicli  the  labouis  of  scicntUis  and  the  ingcnuttir 
of  invtniots  tiavc  captured  and  hnincsscd  it  for  the  service 
uf  ntunkiiHl.  We  have  alrea<)y  rL-inarkcil  tti  the  early  [urt 
of  tilth  book,  that  in  the  vait  majority  of  the  ajipHcaiions  of 
electricity  to  praciical  work,  it  is  the  energy  of  the  KIcciric 
Current  Oiat  is  the  ivorking  vehicle,  unci  not  those  other 
inanifesuitiona  of  dccttical  adivity  whidi  are  familiar  on 
tile  lecture  tabic  nnd  in  the  lnboraior>>.  These  latter  are  of 
extreme  interest  in  all  sjiemilations  reg.inting  ihc  nature  of 
tite  entity  ttuit  wc  call  elccliicily,  and  did  space  permit  wc 
should  be  only  too  glad  to  refer  to  iheiii  In  detail.  As  it  is 
iKc  have  elc<;tcd  lo  confine  ou(«-lvcStci  Current  phenomena, 
feelbg  that,  without  making  the  book  loo  bulky,  our  liniilt 
»rc  all  too  small  to  do  adequate  justice  Kvcn  to  ihcsc. 

In  dealing  with  the-  applications  of  tht^  lilrctiie  Current, 
wc  shall  firtil  take  up  .sejur^itely  the  !i(iccial  applications  of 
eath  of  the  three  characteristic  cRccis,  and  then  in  a  final 
chapter  deal  with  Ihc  question  of  the  Blcciric.il  IVanftnissioD 
of  Power,  in  which  advantage  i>  taken,  as  neccmtt)'  suggests, 
of  any  one  or  more  of  il>cse  eflects^ 
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In  considering  the  produclion  and  the  Iawk  of  lliu  electric 
ciiTrcnt,  we  hnvc  in  each  case  mken  u)>  the  chenii<jil  side  of 
the  siihjvd  hcfofc  cither  the  tlictnial  or  the  magncttt.  We 
Ihcrcforc  propost;  to  follow  the  «ir»e  coime  in  this  fterlion, 
although  the  mi>i)li(-.iti<>nK  of  the  ehcmiciil  cAecl  are  neither, 
on  ihc  one  hand,  so  imposing  or  gorgeous  as  those  of  tho 
ihi-tmal  eflect,  nor.  on  the  other  tund,  KO  far-reachin£  in 
their  wcial  consciiiiences  u  those  of  tite  magnetic  elfert. 
Net-crthelcss,  they  have  a  eeriain  interest  of  their  own,  ai>d 
hjvc  not  been  without  Ihcir  influence  in  cultivating  tlte 
artistic  tasieiof  the  people,  t>y  bringing  fuithfiilreiwoduclionR 
of  w(«ks  of  3tn  within  tlie  means  of  those  who  haw  no 
oppuniniily  uf  liecoming  familiar  with  the  originals.  Lately, 
too.  thesc'chcnnica)  effects  have  been,  and  suit  are  l>cing, 
further  lUvdnpi-tl  in  dirccliuns  which  promise  tu  hait 
import;int  bcjirings  or  more  than  one  induMry.  As  usual, 
STK  begin  with  a  brief  hi»Iorical  sketch. 

Historical  -The  discovery-  of  the  chemical  effect  uf 
ihc  current  hjs  already  been  alluded  to  (page  15).  Very 
shortly  afterwards  in  i^r,  Wollaslon  observed  the  deposi- 
tion of  cojiper  on  a  silver  toin,  connected  with  a  mure 
pos)li\-e  metal  and  dipped  intoasolution  ofcopiwr  sulphate. 
Slill  more  Mrikin;;  ircrc  ihc  exjicrimcnts  of  Bnigiutclli,  at 
I'.-iris  in  1S05,  in  which,  for  the  first  lime,  a  base  metal  wax 
-coai.-<I  will)  a  more  costly  one,  a  proi^ess  wliich  »  ttow  cx> 
tensit'dy  c-il]>loyed  under  ihc  name  of  eU{tn>-p/atiHf;.  Brug- 
iiatelli,  using  an  amnioniaral  sohillon  of  chloride  of  gold 
and  a  Vulia's  pile,  succi.-edeil  in  Kil'I'^R  silver  coins.  'Htc 
pr<KL-M  of  ekciro- plating  wjis  r>oi,  liimocr.  commercially 
developed  iinlil  1S40,  when  Messrs.  Elkington,  of  Binoing- 
hun,  took  QUI  jwtents  in  Rn^UiKl  and  i'nn<x  for  various 
pr^uical  processes.  The  chief  diflkuhics  of  (irevious 
norkcifi  had  been  sometinK-*  the  cr)-stallinc  nature  and 
somtlimrs  Ihc  non-adlwxlveand  noncoherent  character  of 
ilie  deposHK,     The  successful  de])o»li»on  of  iron  wac  not 
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accomplished  unlil  1S46,  when  noettycr  disoovcrcrt  the 
Imret ;  ami  a  goo<l  method  of  stvclpbiing  was  only  dis- 
roveicd  in  1859,  \yy  Jarr|iitn. 

Mcnnwhile,  anolhcr  branch  of  llie  art,  Ihal  of  tlt^r^ 
tyfingy  bad  been  receiving  atiemion,  Dc  \j\  Rue,  in  iSjfi, 
had  noiiecri  that  the  copper  depusiied  on  the  negative  plnic 
of  a  Itafiiell'*  cell  could  lie  dtuclicd.  and  tl1.1t  this  copper 
bore  tltc  m«tt  exad  impress  of  the  .lurfacc  on  which  it  had 
been  deposited-  In  1S39  three  diffirem  cx|icrimcntCTs 
siintilianeously  dcvelo|>cd  practical  methods  for  appl}ing 
this  discovery  to  the  co]>ying  of  nicdalv,  or  other  small 
ohjects.  These  experimenters  were  Thomas  Spencer,  ol 
Liverpool,  vrho  bioiiphi  the  process  most  rapidly  to  jierfec- 
lion;  I'rofcssor  Jarolii.  of  Si.  I'ctersbtirg,  who  ttscd  it  for 
eoi>ying  engrawd  c<ip|ier  plates ;  and  C-  J.  Jordan,  a  printer, 
of  London.  The  process  of  copying  medaU  and  coins  soon 
became  .1  fashionable  ainiitieinenl.  Ttic  coin  to  be  copied 
vRw  varni!ihe<I  on  one  side.  10  prevent  ilepcisition  there,  and 
was  made  the  negative  plate  of  a  short  circuited  Daniell 
cell ;  in  the  course  of  a  few  hours  n  thick  deposit  was  formed 
on  the  exjioifil  side,  and  conUl  easily  be  removed.  The 
nopy  was,  of  course,  in  intaglio,  instead  of  in  relief,  nnd 
another  copy  would  have  to  be  taken  from  this  to  reptiiduic 
ihc  original  coin. 

The  necessity  for  using  tteo  electrical  proecsse'*  in  ortier 
to  tiblain  a  facsimile  copy  of  the  original  was  obvijin-d  hy  a 
discovery  of  Murray,  in  1^40.  lie  found  thai  a  mould 
taken  from  the  original  coin  in  any  convenient  materiai, 
such  a.iw»x  Of  pJaiierof-Paris, could  be  tendered  xunicivnlly 
conductive  on  the  surface  by  coating  it  with  plurnbafto  or 
Uacktead.  The  mould  so  coated  can  be  uwd  to  receive  the 
deposition,  which  then  forms  a  faithful  reproduction  of  the 
Or^nal. 

It  is  interesting  to  note  that  one  of  the  earliest  con- 
tinuous-current dynamos,  AVoolrich's  (page  iis),  was  con- 
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MniclrJ  for  the  piirpoitc  (>f  !iu|>|>lying  t-urr«il  for  clectro- 
pbting.  In  fact,  this  uds  i)k  ^m  occasion  on  which  lti« 
dynamo  ms  used  for  comtncr<:ial  pur|>Oiff. 

In  thv  folloning  nccoimt  of  the  •|)f>lkationti  of  ihe 
clicniical  clTcrt  of  ihe  ciim.-tit,  wc  firsj  desttihe  the 
piorcsws  invoWiDg  the  elcrlio-dt.-poiilton  of  melah  in 
the  several  inHtiMrics  of  cteilro-piiiting,  cknm-tjiiing, 
and  cl«cir(hmvUltiirgy',  iind  tWn  ikal  briefly  with  iilhcr 
applications  u&iutly  cUssiticil  under  the  genera)  W.idin^  of 
ek-ciro  i-hcmiiHy,  These  include  bkachinj;.  tinning,  dycir^ 
ri»:tilying  iilrohol,  etc.,  by  means  of  the  cunem,  a«  wril  as 
electric  analysu,  and  n  few  other  applications. 

Eleatro- Plating'. 

Simple  as  is  the  iticory  of  the  process  of  clcclro^plating, 
there  in  scarcely  any  operation  in  ihcapplicalionsof  sdencc 
which  re<|iiin:!(  i^reater  cart-  to  carry  it  to  a  succuHftil  uone. 
It  is  essentially  a  case  where  ]>roper  attention  lo  minute 

details  makes  all 
-         the  differerM-e  be- 
tween Uiccess  arid 
failkiic. 

Perfect  clean- 
liness, ai  le^artls 
the  surfaces  to 
be  coated,  is 
absolutely  neecs- 
sary.  The  articles 
lo  be  plated  arc 
frrNi,  i(  very  dirty, 
meihanic-jlly  cleaned  b)'  means  of  a  " scratch  brush,"  e  d 
(Fig.  Ji9),  which  is  a  circular  brush  of  fine  brass  wires 
mounted  nn  a  leather  spindle,  and  rotated  at  a  high  speed. 
For  .imallii  articles  iither  fornw,  d, />,  of  bnivlK's  are  used. 
After  liic  mechanical  cle:aiising,  grease  and  fat  are  remored 
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by<ti|ipiii^  III  hoi  causiic  t>T>[a'!>l),  after  which  the  odjcols  are 
di'ppcil  ill  •;i>iiic  kind  of  aiid  Unili,  nhosc  composilion  and 
strength  cU-;>cnd  on  itit;  iHatcrinl  of  the  object  Tlicy 
nre  then  ready  iat  the  gibiiiiK  Imih. 

Any  dectric-cuncnl  K^neralor  ina)'  be  uwd,  prcn-Jdei)  II 
supjillcs  currents  of  not  too  high  a  vollage,  and  of  a  jiroper 
UMj^nittidu  for  the  w<irl(.  In  iho  simiilcst  o-iw  a  galvanic 
generator  and  the  dcj>oiiting  cell  may  be  oonibinird,  -is 
descril^cd  in  mtr  bislorical  notes.  Siicb  an  aniingtimcnl  (or 
cup[>cr  dcpofiiiing 
is  shown  in    V\g.  ^  _ 

jy>.  A  niimbcT 
of  ]>(>rau8  |)OtS 
arc  anangM  round 
the  (Iqwivitiiij;  v.Ji, 
wiiichisfillctl  wiili 
a  solution  of  sul 
jihaie  of  copper. 
Theie  [x>rou9  pois 
contain  dilute  aut- 
phiiric  acid,  and 
in  cub  is  jJace^i  a 
cylinder  of  r.inr  ; 
all  ibcsc  cylinders 
arc  connected  clcctricnlly  by  a  circular  mclnl  wire,  on  which 
rest  two  stoiK  cross  wires,  from  which  ibe  ohjecl  to  he 
coaled  is  susjwnded.  If  llie  object  be  noniiiclallic,  for 
ioslaitcc  a  plastet-ii^iie,  its  surface  must  lie  rendered  con- 
ductive by  l>cing  coated  with  n  layer  of  ]>ltimbago.  The 
arran^jgineni  is  CMcntially  a  Daniell's  battery,  with  the 
object  to  t>e  (rlated  fonnin;{  ilie  nej^ative  pUle. 

For  good  work,  and  csjiccially  where  the  objects  to  be 
plated  .ire  niimerous,  it  is  best  to  sc|nratc  the  current 
Kenerattir  from  th«  jtlating  bath.  A  convcaieni  fono  of 
plating  bath  is  ^owo  in  Fig.  z^i.    The  plating  solution  is 
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contniiK*'!  in  a  rcclnngiiljir  Uink,  round  the  rim  of  which  mn 
[w-o  HiDiil  (;0}>]iVT  wtnes  or  Uirs,  one  iiiside  ihcolhcr.  Either 
(he  outer  one  is  raisi-d,  or  the  inner  one  is  on  a  sunk  ledge, 
so  that  3  metal  rod  placed  across  the  outer  reclanjjle  clears 
the  inner  one  without  touching  it.  In  ihe  fi([iire  the  outer 
recian(;1e  i.i  to  lie  connected  to  (he  posilive  tcmiinni  of  the 
lource  of  electric  currents  by  means  of  the  binding  tcrew 


Fin-  tii.-£koin>-|il*liis  Uiilh. 

marlied  +,  wtiiUt  the  inner  recungle  iw  to  l»e  ronnectcd  to 
the  tic^tit-e  letnitnal  by  the  bii)din)(  screw  marked  — . 
Projier  switches  and  adjustable  resistances  are,  of  course, 
placed  in  the  rircuit  to  contiot  and  regulate  the  cunenl. 
An  amperemeter  should  also  be  in  circuit.  'Ilie  articles 
that  are  to  he  plate*),  when  prO|>eTly  prepared,  are  hung  in 
the  solution  frotn  shoit  nictal  rods,  which  just  t>r>d|jc  the 
inner  recUinglc,  whilst  from  the  longer  rods  bridging  the 
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Oiitrr  TCcUingle,  are  hung  the  ttni^/fi,  iiMially  rnti^h  platei  of 
the  nieul  ihal  a  being  deposited,  rhc  cunem  enters  tbc 
solution  by  these  anodes  (which  arc  dissolved  l>y  th« 
chemical  actions  CJiiiscd  by  the  current),  and  leaves  by  the 
olijcrtf  which  form  the  kathodes,  and  U|ion  which,  therefore, 
the  metal  or  the  finluiion  is  <le|io.'kited.  Th<:  .-imoiint  of 
ciirtent  pauinjf  at  any  time  must  be  pro|iortioned  to  ibc 
surface  of  the  objects  to  be  coaled,  as  100  dense  a  current 
irill  cause  a  bad  dcpuiiil,  whilst  if  the  current  is  too  small, 
although  the  dcjioMt  wilt  be  good,  it  will  take  loo  long  to 
attain  the  required  ihickne^ 

For  gold-ptating  an  alkaline  lutli  of  gold  chloride  and 
potassium  c>'anidc  is  used,  and  the  colour  of  (he  deposit  is 
improved  by  warming  tlic  bath.  A  silver  bath  consists  of 
iilver  cyanide  an<l  pot.uiium  cyanide,  whilst  for  copper  a 
solution  of  copper  sulphate  is  used.  In  nickel-plating  a 
double  sulphate  of  nickel  and  nmmonium  is  employed. 
The  chat.-iiriLT  uf  the  defxisit  de|>t.-iidtt  greatly  on  the  e.xact 
composition  of  the  balb,  a^  well  as  on  the  current  density. 
Numerous  recipes  for  balhs  of  various  kinds  of  deposition 
arc  given  in  »j)eri.i!  lHW)k.t  on  the  subject. 

After  the  deposition  of  the  desired  tliiclcnesfi  01  metal, 
the  object  has  usually  to  !>c  again  scratch-brushed  and 
afterwards  burnished  to  give  it  a  bright  metallic  appearance. 

As  a  source  uf  current  for  elerlro-chcmir^l  work,  the 
djriiamo  has  now  almost  completely  di.spliiced  the  galvanic 
battery.  The  class  of  dynamo  tc<!uircd  is  one  giving  a  large 
current  at  a  low  pressure,  unless  a  good  many  baths  are 
placed  in  series,  when  a  higlivr  total  pressure  may  be  used. 
The  dixiul vantage  of  joining  luth%  in  series  it  that  the  same 
amount  of  chemical  action  must  be  };oing  on  ^liinull^ncously 
in  each,  and  therefore  the  work  must  be  carefully  distiibutcd 
amongst  ihcm. 

Most  onltnary  dynamos  can  be  modified  so  as  to  lie 
suitable  fur  ulectro-dcpoaiiion,  the  chief  change  beii^  that 
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[he  wires  oit  rhc  nTinnitirc  aii<l  MA  iiuunetsilwugh  ocrtipytns 
about  Ihcsitme  lolal  spncofor  th«  saiivcCHilpui  in  watts  muu 
be  iiilnh  thicker,  am!  Ihcri-forc  less  niimm>*i*  lliifl  for 
lit;htin){  |iun'0!:e)i-  The  rhnngc  in  the  numlwrof  the  wires 
will  lelil  III  (he  geneniiion  of  n  lower  K.M.F.,  and  the 
increase  in  ttieir  aijic  wtll  ciinlile  them  to  cany  a  htAViet 
ciirtcnt  wiihoui  dangerous  heaiinR.  One  other  ehatijic  tf 
nt'icKtaty :  itie  roinmutnior  having  lo  pass  a  laigcr  niircni 
niu«l  >>e  made  longer  and  more  inamiva 

The  dyhnmo.t  tisrdfor  deciro  deposition  ^touM  alw.-ij« 
be  sbuni  wound,  lest  the  lack  K.M.F.  of  Uic  baths  ithouM 
temporarily  exrccd  the  rtintjird  E.M.F.  of  the  ilynanio,  and 
lead  to  a  reversal  (>r  the  magni-lutn  of  ihc  btt<:r.  11ie  tame 
roniiderations  apiil)'  lo  dynanuiv  iisc<l  for  chaipiif;  soMndary 
Iwitciics,  in  toniici^tion  with  which  (jngc  519)  wc  slwlt 

diNCiiss  them  more  fully. 

Electro  Typing. 

The  get>cral  nature  of  the  prorcsa  of  eleciro-typinK,  o' 
the  rcprodutlion  ckctrkally  of  exact  facsimiles  of  objcfts, 
has  Iwcn  described  in  our  historical  notes  (|tage  469).  Hrat 
a  mould,  or  iiuiliix,  of  Ihc  object  to  be  reproduced  is  talccn. 
For  this  ptirpoxe  M;VL-T;it  niatcTial*  are  available,  %w\\  aa  lend, 
fusilile  allupL,  sealtn,^  wax,  t>ees'-wax,  guilapcrcha,  jilasier- 
of-Paris,  cie.  When  Iwge  objects  have  to  be  copied,  the 
cn.tts  of  (lifTcrcTit  parts  are  L-dicn  separately,  and  .ificrwiuds 
favtencil  irijjetlier.  If  the  surface  In  be  rojkie*)  t«  very  mudi 
undercut.  f;i;'latii)e  is  used,  as  it  is  siiftlcicBlly  el.uMic  when 
set  to  allow  of  the  removal  of  ilic  object,  and  lo  afterwards 
regain  the  fonn  gircn  lo  it  by  the  sitrface  frain  which  it  has 
been  remni-ciL 

After  the  mould  has  be«n  taken  it  U  prepared  for  (he 
l>3ib  by  coating  its  surface  with  a  fdin  of  nKlal  or  plu»»- 
Iwgo,  If  the  HitCice  be  porous  it  must  Rret  Ike  nude 
itnnotli  by  di|i|>tng  in  molten  wax  or  siejutite.    The  bc«t 
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pltiinlugo  is  used,  and  is  nppiicd  tati-fiitly  wiih  n  liiiiwl'* 
hair  brusli,  uniil  ihi;  njiiacc  i!^  evenly  iiml  Mnoolhly 
covered. 

l*lie  process  of  icproducing  a  statuette  i&  shown  in 
Fi)(.  ij,3,  where  one  half  of  ihc  mould,  oi^^injilly  i.iken  in 
IwfO  i>ail«,  i.s  u-movcd  to  show  ihc  arningi-mrnt.  In  n  raw 
or  this  kind  the  anode  should  have  3p]iro\iiiiiitety  the  ^liape 
of  ihe  mould,  to  cniurc  an  even  de|)osition  on  all  |inf  ts.  l-'or 
ihli  piirjiosc  pLitinum  wire,  Iwnl  lo  the  rei^uirud  shape,  is 
iniTodiii  >:<i  into 
the  interiot  of 
the  mould  The 
|ilaliiiinn  is  con- 
ne<:tvd  Xo  the  jioti- 
live  &iip|il>-  main 
through  a  and  K. 
whihi  the  con- 
ducliii^  plumhago 
suifncc  of  (he 
mould  is  con- 
tieciedlo  the  nega- 
tive main  through 
k,  c,  and  7^ 

One    of     (he 

mottt  important  of  the  applicniions  of  elcrtro-lj-ping  is 
lo  the  rciiroduclion  of  far  similes  of  engravingn  and  tcltcT- 
press  iy|N;  for  |ninting  inirposea.  With  r^ard  to  the 
former,  l]ie  practice  of  printing  from  the  original  block  or 
ptaic  has  been  entirely  sujwrscdcd  where  brge  numbers  of 
copies  arc  rciluited,  by  printing  from  copper  electro- types 
deposited  on  moulds  taken  from  the  original  hlork.  As  this 
block  has  otdy  to  make  impressions  on  the  soft  material  of 
the  ntoulds,  iu  sharpneu  and  clearncM  Is  it>definiiely  pre- 
served. When  it  is  remembered  that  each  mould  furnishes 
a  copper  ctcclrotype,  from  which  a  great  number  of  copies 
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can  be  printetl  tnifore  il  beconm  blutrcd,  xre  lee  that  the 
production  of  vfliai  sre  practically  proof  engravings,  ot  cijiuil 
thereto,  has  liecn  widely  extended.  Thtiit  it  it  M.ilerl  that 
one  w*oo(l-t>lock  for  the  engraved  heading  of  ilw  7>'iw«  new*' 
pagtcr,  wai  the  pireni  of  no  less  than  20,000,000  impressions 
before  it  required  rcnewat 

With  regard  to  leltcrpress printing,  iJic electrotype cnlcr? 
into  coro|ictition  with  Iho  stereotype,  anti  for  many  rliutei 
of  work,  eijiecially  tn  the  United  SiAieit,  Kas  omnpletHy 
dt»|)bced  the  older  method.  One  of  t)te  objects  of  boil) 
methods  is  to  enable  the  origirul  t)pe  lo  be  set  fm-  fur 
furlher  iise,  int^tcad  of  tieinj;  kept  standing.  Tbi-  electro-  or 
stereotype  plates <:an  also  In-  stored  against  the  conringexM^ 
of  more  printed  copies  being  wanted,  a  process  that  eouM 
not  be  followed  with  ordinary  type  without  sinking  »  larjje 
amount  of  capital.  Lastly,  the  expensive  ordinary  t)'|te 
being  only  used  to  tjikc  a  few  proof  copies,  lasts  much 
longer,  and  can  be  used  many  more  times  than  would  other- 
wise be  posiible. 

The  i>rix-es«  of  taking  one  of  these  electio  lype^  h,  in  its 
main  outlines,  the  same  as  thai  described  for  the  prodtiction 
of  the  bc-simile  of  a  medal.  Gees'  or  oihei  wax  is  usually 
employed  for  the  material  tif  the  mould.  A  good  pl^ne  sur- 
fac:e  of  wax  having;  been  made,  it  and  the  sutfare  of  the 
ty(ie  are  both  carefully  plumluigoed.  They  are  then  pre»ed 
together  in  a  hydraulic  or  other  press,  and  the  wax  surl^ec 
when  Bepatatcd  shou-s  an  exccllcnl  impression,  reversed,  of 
course,  of  the  lyjx:.  After  being  cjirrfully  examined  and 
touched  up,  the  sut&cc  of  the  wax  i%  again  plumbagoed. 
or  otherwise  rendered  conductive.  Copper  wtres  ate  then 
einl>eddcd  in  the  side  of  the  mould,  and  contact  nude  be- 
tween them  and  the  conductive  surface. 

Tiie  mould  is  now  rea<Iy  for  ihe  dejimiling  vat,  in  which 
it  is  kci>t  until  a  suflicicnt  thickness  of  copfier  lus  tteen 
deposited.    It  is  then  taken  oat,  and  the  was  removed. 
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l«Avin^  a  Ihin  copper  "  shell,"  which  is  aftcrw^rdB  "  backed  " 
with  ulxHil  An  eighth  of  an  inch  thickness  vt  steTco-typc 
tiicLil.  These  arc  nrtcrwarfU  aumcliincK  further  mounted  on 
hlocks  of  fiarit  wootl. 

'Ihc  process  of  taVinjE  cletirol) pes  of  engravings  is 
esKDlialty  the  same  as  that  ju&t  (Inscribed,  the  rhi«f  difFer- 
ence  bein^  ihat  gutta-iwtcha  is  prvferrcd  to  bees  -wax  for  the 

1110  uki. 

Eleotro-Metftllupgry' 

Tlie  chemical  efleci  of  the  cuncnl  can  also  be  used  (or 
nielallurgic.ll  purposes.  &uch  as  the  production  of  pure 
metaU  from  impure  solutions  of  their  ores,  for  the  refining 
of  iminirc  mei^ils,  and  also  for  Ihc  aectiratc  assay  of  certain 
ores,  more  ei|)ecbl!y  copper  ore^ 

The  electrolytic  refining  of  copper  is  carried  out  on  a 
fjiirly  Urge  scale  in  various  parts  of  liumpc  and  America, 
The  impure  (:op(M:r  treated  in  tti  the  form  of  "Chili  bar^," 
"  black  copper,"*  "  copper  inaite,"  "  pimple  copper,"  etc. 
This  impure  copper  is  cast  into  coiucniciit  sJiea  and  shapes 
for  .modes,  which  art  hung  in  the  depositing  vaU.  These 
latter  are  usually  |)laced  in  series,  so  that  dyn;inios  of  higher 
E~M-F.  may  be  used,  tbu:^  diminishing  the  cost  of  the  con- 
dncioTS  for  carrying  the  large  cuircnta  employed.  !n  some 
Amctitjin  refineries  a  dilTereiit  arrangement  is  used.  I'latcs 
of  the  impure  cojijKjr  aie  pbied  successively  in  the  vat  with 
one  Ihin  plate  of  pure  copper  at  one  end.  The  tatter  is 
connected  to  the  negative  main,  and  the  first  of  the  impure 
plates  to  the  positive  main.  The  current  thus  passes  all  the 
p!ates  one  after  the  other,  and  each  of  the  intermediate 
plates  is  Ixitb  a  kathode  and  an  anode,  receiving  pure  coi>pcr 
on  one  side,  and  having  impure  copper  dissolved  off  on  the 
other.  The  IM>.  rcquirdl  in  a  vat  with  a  kathode  of  pure 
copper  and  an  anode  of  topper  pyrites  is  about  075  volt, 
but  IS  miKh  lower  if  the  anode  He  simply  some  form  of 
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impure  coppcf.  For  very  cood  results,  i.t.,  lo  obuin  very 
pure  (;opi>i'r,  ihc  doposilion  rnunc  proceed  very  skiwly.  am) 
ill  !K>iiic  C3>V!(  (hf  iiKiirxsi:  of  ihitknvis  of  ihv  k4ihi>ilt«  is 
only  allowed  to  lie  ,\\\\  of  an  inch  per  wct-k  u<  156  lioiita, 
A  fairly  safe  tlcn&tty  of  current  is  five  oiniwres  (icr  s<|turc 
foot  »l  tlic  luiilioile*.  With  rapid  <lc)Mxutioii  some  of  itie 
metals  present  as  impuiiiivs  may  be  dv)x»itcd  od  the 
katlioili:,  'Die  nicUls  which  arc  so  di.-|M>Mtei) 
most  readily  arc  silver,  )>iiintitli,  untimony,  arsenic, 
and  tin. 
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The  |>Iaitt  tei|uiicd  fur  a  iaigc  clcclrolytic  coj^ier  refinery 
i.H  very  extensive,  and  involves  tlie  sinking  of  a  large  atnutini 
of  ca]>iial.  This  iiecensiiily  n,-«ill!i  fnnn  llie  slowness 
with  which  deposition  must  proceed  M  any  individual 
kathode,  thus  rcijuiring  ilic  la>-ing  down  of  a  large  ntiint'er 
of  depositing  tanks  if  a  large  ipinmily  nf  <'oi>|>ct  is  rei|Utred 
per  week.  For  instance,  tt  lias  liuen  enitiiiaicd  thai  fioiii 
j£45,«)o  to  ;^5o.ooo  (capital  is  required  for  a  refineiy 
capable  of  turning  out  abonl  500  ions  of  rclincd  copitei 
per  month. 

During  tlte  last  few  years  a  process  of  cu|>peT  reAning, 
called  fnstn  (he  name  of  its  inventor  the  "  Elntorc  "  process 
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Jias  Ikui  vtcuroiiUy  iiaillvd  It  t.H  at  [tresent  »|)(.-(riall]r 
dcvotcil  lo  ihc  production  of  cupper  tube»,  and  the  cualiiig 
of  iron  Iiibcs  and  hydraulic  rams,  uic,  with  copper.  The 
tpetial  (caliirc  nfllw:  prutoss  U  ihil  [li<;  coi>pt-r  is  burnithcd 
with  ail  dj^utc  l)Uinisiwt  whilst  hv'mf^  dcfMixiictL  A  ?itfciiun 
of  one  of  the  depositing  tanks  is  shown  in  Fig.  13,1,  The 
Uuik  is  o(  wood,  tinvil  with  Uitiiminotis  material,  nnd  (i)lcd 
with  siilphaie  of  cojiper.  Thi;  anode  consists  of  grtnuliitcd 
iCop|>er,  lying  on  a  my,  it,  a,  iivar  the  bottom  of  the  tank. 
This  granublcd  coppci  is  produced  by  inciting  Chili  bora, 
nnd  [touring  iUl*  molten  copper  into  miter.  I-'or  ihc  produc- 
tion of  tiitii'S  the  kuihgdc  coniisls  of  a  uirt-'fuliy  turned  tron 
tiiaiithil,  rnountt:d  on  ^'^^  bearinj^s,  :iiid  kept  slowly  rotiiling 
1>y  the  simple  chain  gt:ar  at  the  right-hand  end.  The  ends 
of  Ihc  mandril  arc  coated  with  non-condticiing  varnish,  to 
]>revent  deposition  on  tliein.  As  the  niandrtl  rotates  copper 
is  deposited  oil  it,  llie  curiciil  t>cin};  led  off  by  the  brush, 
A,  Siinuluncously  the  burnisher,  B,  which  is  faced  with 
agate,  ts  pressed  against  Ihc  mandril  by  rublicT  bands,  and 
slowly  travels  from  end  to  end  irontinunlly,  bnckwaids 
and  forwar<tv  When  the  rei|uired  thickness  ha»  I>een 
deposited,  the  mandril  and  its  covering  are  taken  to  Die 
machine  room,  and  the  mandril  removed  by  a  mechanical 
[xoccss. 

The  ureal  adv.tntjge  nf  the  burniahtr  slciiis  to  be  that 
witli  it  at  work  a  imith  greater  current  deo&ity  can  be 
Employed  without  the  deposit  being  cr)-siallinv  and  weak. 
'11ms  the  airrent  used  nuy  lie  as  hij^h  as  fifteen  or  twenty 
am|>eTes  (let  »|iure  foot,  which  will  deposit  ^  thickness  of 
one-eighth  of  an  inch  in  six  ibys  of  twenty-four  hours  each. 
This  rapid  deiKMiliun  coDbideiably  diminishes  tlic  amount 
of  capita]  invested  in  coppct  "lying  idle"  in  the  factory. 
As  lUc  gratudated  tx>\>\M:T  contains  97  per  cent,  of  pure 
copper  Ihc  risk  of  the  deposition  of  impurities  is  minimised. 
Not  only  a  the  coppct  deposited  rciy  [lUre,  but  it  has  great 
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tensile  iUvnglh,  und  vrtll  »tand  cooMilemlili:  vxleiuion  with- 
out breaking. 

One  oi  the  depoMting  rooms  in  tlK  Gcrmart  Klmcirc 
works,  about  Totty  ntilcs  froin  Colotini:,  is  shown  in  FJg.  334. 
With  Uic  exception  of  th«  N;>^'bl  niMhiner;',  whi<'h  u  not 
very  promincRt,  for  rol^tiog  the  nuttdrils  and  moving  th« 
tiurnjshfi*,  the  figure  gives  a  very  good  idea  of  ilic  at>()«f- 
ance  of  the  dvjioHtiiig  rooms  in  any  Urge  refinery.  In  ihti 
room  there  arc  forty  tanks  in  K-Ties,  each  retiuirini;  a  I'.H.  of 
rather  less  than  one  volt,  and  capable  of  <lq>ositiiig  from  six 
to  »c%-en  ions  of  metal  per  week.  The  povcr  for  driving  the 
[lyn;imo3  is  obtained  from  turbines  worked  by  wAier  front 
ilic  Sicg,  an  affluent  of  the  Rhine.  Ev«nituiUy  eight  large 
dynamos,  capable  of  producing  currents  of  ilie  aggregate 
value  of  about  10,000  ampcret  al  50  volDi,  ak  to  (m 
employed  in  the  factory, 

With  this  we  leave  elcctro^netallurgy  for  the  present. 
There  ate,  however,  Mtllolher  branches  in  which  the  heating 
effect  of  t)ie  current  is  employed  ;  to  these  ne  sjull  return  in 
the  next  cliairter. 

Eleotpo-Chemlstpy. 

Although,  Mitclly  s|>eaking,  the  lotl  three  sections  are 
all  t>Tai>ches  of  electTO<:l)emislry,  we  |>icfer  to  resei\T  the 
term  for  those  less  imimrtant  applications  of  ihc  efaentical 
effect,  which  ate  um'iinn<:ried  with  llie  great  metal  industries 
of  the  country.  Ainoiigvl  lhe>e  H*e  m.iy  cniimuiale  bleach- 
ii^,  dyeing,  tanning,  tlK  rectifuiatton  of  alcohol,  the  purift- 
cation  of  sewage,  and  some  minor  applications. 

Eltdrit  bitathiHg  aitd  the  electric  production  of  bleaching 
powder,  are  subjects  which  have  recently  ;itlr.icied  a  great 
(leal  of  attention  from  inventors  and  muimtacturers.  In 
inoet  bleaching  processes  chlorine  is  the  active  agoot  It 
is  usually  obtaitved  from  chloride  of  lime  and  bleaching 
powder,  a  substance  which  is  manufactured  for  the  purpose 
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in  targe  quantities.  ElcciTJCAlly,  iwu  gcnetnl  nidliuds  have 
bent  (kvclupcd.  In  one  thciiUcniion  iti  (lirixtiMl  to  funning 
t>U-ncliii)j;  |)OW(Ii-t,  orsoiiic  NutMlitiitv  n)Or«  ffrtnioiiiirally  than 
in  the  ordinal)'  way,  whilst  In  tlie  other  tlw:  elcciric  cnrrcni  is 
applied  in  tho  ofjcraiion  of  bk-iching  itself,  and  itic  altcint>l 
IN  tniide  10  (lispcnH-  vrtth  t)i«  u>»e  of  blcicltiiig  iwwdvT. 
The  subject  is  an  extensive  one,  but  for  itlu&imiion  a 
dcsciipiion  of  J  |»o:csj  of  tbc  fust  kind  inay  suffice. 

Following  a  long  scries  of  inresiigstofS  ihis  iiroccu  ha» 
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a  great  number  of  cIccIixkIl-s.  The  kiilhockt  .ire  (-in-iil.iT 
/iiic  (liM^i  /^  imtimtol  at  rv^iljr  inleiv^Is  on  (wo  slowly 
ruLnting spindles.  In[<:tliK«d  wtlh  tl)c^cdisc§,  witdoui  touch- 
ing iKcin,  are  the  anodes,  one  of  which  is  shown  «c])anitcly 
in  l-'i^  336,  It  consists  of  an  ebonite  frame,  F  K,  011  which 
is  mounted  itbtinum  i^^tixe  connectc-d  hy  a  leaden  liif;  to  a 
substantial  co(>per  Iist,  by  which  the  current  is  led  in.  On 
the  anode  is  an  ebonite  scrapcf,  S,  which  reaches  across  to 
the  neighbouring  eaihode,  and  scrapes  oFT  any  dcpotlt  as  the 
xinc  disc  sl<»wiy  revulves  iiaa  ii. 
The  anodes  and  kathodes  arc  con 
nccted  in  [Nirallel  ciicuit,  so  th^t 
tlie  tou!  current  !(iii>])lie<l  it  divided 
atiionj^t  tlicin.  Ill  the  bottom  ur 
the  tank  h  a  large  \»ik  with  numer- 
ous holes,  by  which  the  liquid  to 
be  treated  enters  the  tank.  After 
passing  (he  electrodes  the  liquid 
ovcrlloH-s  into  the  ledge  or  gutter 
round  the  top  edge,  whence  it  h 
pumped  to  the  bleacliin];  vats. 

The  M^lution  used  contains  li>v 

pa  cent,  of  m^ignesium  chloride 

and  five  per  cent,  of  sea-ult,  to- 

gedicf  with  a  snull  ijuantity  of  recently  precipitated  migncsia. 

Chlorine  n   liberated  at  the  anode,  and  hydrogen  at  tlie 

catho<ie.    Tlitsc  jniniary  phHluct*  of  eleclrolyst*  react,  on 

tlie  cheiiiit.ils   present,  and   produce  a  solution  of  great 

bleaching  power,  which  ts  at  once  led  off  lo  the  bleaching 

vats  and  used.     The  back  IvM.K's  in  the  eleetrolyscrx  are 

hi^h,  re(|i!iriii);,  with  the  resiiUiice  to  lie  overcome,  a  F.U. 

'  five  volts,  al  wltieh  pressure  a  current  of  1,000  lo  1,100 

■»>  is  UM:d. 

'<etrit-dy(iig,  which  is  especially  applicable  lo  the 

Ttld  from  coiti  tar,  the  colouring  matter  is  fonncd 
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in  tlic  pUccs  where  it  is  required  by  ck-cirolylic  aciion,  The 
[luU-iijil  i:tsaluratedwilh  ndiliilcsoliitiun  of  (he  [xopcr  aniline 
s;ili,  and  is  ptatcd  on  »  metal  jiUtc,  un  nliiirh  the  fo'liin 
to  l)c  formed  has  been  Ira^cd,  aiid  the  tnrt.i  of  the  i>lalt: 
whore  there  is  lo  be  noaclion  covered  willi  noticondiMtint; 
viirni^h.  The  ]>U(c  \*  connected  to  Ihc  positive  or  negaiin; 
(ermiiial  of  a  batiery,  xoconJing  as  oxidation  or  reduction  is 
reijuired,  and  in  at>oui  a  minute  the  o|>CTaiion  ti  complete. 
For  other  purposes  oihcr  niclliods  are  cniplnycd. 

The  electric  current  is  also  used  m  accelerate  the  |ffocesH 
of  tanning.  In  the  old  process  the  hides  to  be  Uiincd  had  to 
he  kept  in  ihe  tanning  lii|Uor  for  long  periodK.  m>  thai  the  skim 
inijtht  assimilate  ttie  tanniti);  material  ih<ifou);hly.  Ek<trit 
/anniHg  consists  in  using  ihc  etettric  currtiil  to  accctcrUi; 
the  process  by  enaljlinj;  the  skins  to  aialmilale  ihc  tanning 
matter  mure  fiuicVly,  thus  reducing  the  linte  to  a  few  diy&. 

Applied  lo  the  rt(Hfi(alion  of  almhifl,  (he  electric  current 
is  used  to  remove  the  bad  taste  and  smell  <>/  tlie  unreclilied 
Alcohols  by  liydrogeruuint;  the  aldehyde*,  ot  incomplete 
akuhols,  to  which  these  piupcnies  are  supiioscd  lo  be  due. 
For  this  purpose  the  crude  ak-oho!  is  placal  in  contact  with 
a  mc  copper  pik,  and  aderward-s  (u^scd  lo  sixriial  volta- 
nietcnt,  in  which  a  slronj;  current  c.trrics  the  aclion  further. 

'Itie  prohlcin  of  the  purifiaitii^H  fj  st\i-axe  is  one  of  ihe 
pressing  problems  of  (he  day.  It  is  well-known  that  oxida- 
tion is  ntost  ciTcctive,  and  therefore  many  experiments  have 
been  nude  lu  utili^  the  oxidising  action  at  the  anode  of  a 
volumeter.  These  exjiciimenLi  liavc  met  with  a  certain 
amount  of  success,  and  are  still  bein^  continued. 

There  arc  other  minor  applications  of  the  current,  but 
the  c.\amplcs  cited  will  be  ^uKicient  to  ahuw  wir  readers  that 
in  the  mdtatria]  arts  wherever  an  oxidising  or  reducing  aclioa 
\»  rc<iuirud,  or  vherever  roclals  have  lo  be  deposited  iu  ih 
l.t)ers,  the  chemical  actiin  oi  ihi-  idj 

«ub(Ic  means  fur  accomp1i^iiuj[th<  — 1» 


rHAI'TKk     Xtl. 
APPLICATIONS  OF  THE  THERMAL  EFFECT, 

The  ap|ilicalions  of  ihe  thermal  cffeci  of  the  electric  cuncnt, 
though  iniirh  more  recently  developed  than  those  of  the 
other  two,  Imlk  far  tnwe  Inrgut)*  in  Ihi-  |in]iiiUr  imagination. 
They  havcaitrnctcd  much  moK  attention,  not  wiih.standing  the 
fact  ihatasj'i-t  ihcy  arenot  nearly  s«Im|joit3ut,  cither  socially  , 
or  linancially,  as  electric  iclcgiaphy,  which  is  an  application 
of  the  magnetic  elTi-et-  iSis  ancniion  is,  dOiithtless,  due 
to  the  ([renter  i[ilcnd»iir  ii(  the  rc-Milt«,  and  the  iMdincNk 
with  which  Ihcj'  lend  thciHsclws  i<i  iniprossive  and  ({orKeous 
di.<:pl.i)-t  at  c\hihilioii^  and  in  the  public  Mrctt«  am!  [Aikctn 
of  rt-'iort.  Also,  the  enormous  ijuantiiieti  of  enciiiy  deali 
with,  ihc  niassiicness  and  jKiwcr  of  the  machinery  employed, 
and  la^  )>ti(  nut  least,  the  general  feeling  that  there  may  be 
stilt  more  ^lartiing  di-Avlopinenlf  yet  to  follow,  all  tend  to 
imprets  the  iinit{;in3tion  in  a  manner  not  easily  rcKistcd, 
even  where  the  inctinalion  to  resist  cxisls.  In  most  cases 
the  lendetM-y  is  the  other  way,  and  the  reins  are  given  to 
the  iin3giiiitii>n.  «ilh  the  teMUIt  lh:it  nothing  3j>pcais  to  lie 
so  wild  or  improbable  biii  that  ii  may  be  3c<  ompliih<-d  by 
the  same  agency  that  has  produced  the  wonders  already 
wrought.  Thctc  page*  will  not  have  been  written  in  vain, 
if  a  perusal  of  them  should  tend  to  moderate  vimc  of  these 
dreams,  by  familiariiing  the  TCfldei  with  the  limits  imposed 
by  the  great  fundamental  laws  of  nature,  the  certainty  of 
which  b  now  so  timily  established  that  there  can  never 
agsua  Ajhe  tbiubls  of  thetr  validity. 

"'  tlic  tardiness  above   referred  to  in  llic 

^mal  effect  is  not  for  to  seek.     To 

ml  ol  lieai  refjuires  the  e:i|ienditare 

ml   of   eneij^y.    an   amount  quite 
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l)C)-on(l  the  ikywct  of  Imtlcric*  lo  »up]>ly  Kunoinirally.  1l 
n-.is  ihifcfofc.  mil  until  ihe  (k^-eloiinitiii  uf  tl»f  d]i>RniO 
iDiiitiiiie  had  inailc  it  posstlilc  to  convcri  lite  ciK-t^y  of 
ordiniiiy  fuel  into  the  tmr^  o(  i')«;lric  currents  that  il 
bccjimc  (UHsitile  to  utilise  the  tltcrmal  eflieti  «f  those 
cutTvnls  on  a  huge  scale. 

Electric  LiKtitin^. 

By  (u  Ihe  most  extensi\nc  apftlkationt  of  lh«  hnting 
fA'ei  t  of  iho  (urtent  diiriii}:  ihc  Uxi  Tiriccn  yean  have  bcrti 
in  llic  ilifoftiun  of  producing  .-irtiftrial  illiiminjitiun.  For 
this  iitirpatic  tn-o  cnliiiOjr  dislinci  eleciiH'ftl  (nelhocltt  are 
avniLiblc.  There  is,  first,  the  direct  liealini;  effect  whicti  the 
current  produces  in  all  conductors  which  it  iravencs.  'fhv 
hws  governing  this  prrKliictinn  nf  heat  have  be<'n  cKjJnint'd 
ai  )at;o  jii,  and  a  liltk-  con.ikleration  irill  shun-  llut,  if  only 
ihc  current  supplied  and  the  rciislance  of  the  conductor  be 
sulficicnily  great,  the  production  of  lieai  may  lie  so  rapid 
lliul  ihc  londif'tor  will  lie  ntisot  to  n  re<l  or  white-hut 
tem{>eraiurc  before  the  lost  by  cuolinj;  bibnces  the  heal 
produced.  When  this  occurs  the  conductor  of  course 
einiis  light,  .ind  niih  projicr  .ippliancc!^  the  light  nuy  W 
uiOiiied  for  illuniiiutitiK  purpctKCn. 

The  second  method  available  for  artificial  illumination 
is  that  which  leads  to  the  manifestation  of  lightning  flashes 
and  clecifii;  »)iarl:s  of  all  kind«.  When  Ivro  cnndurtorx  at 
difTereni  |Kii<.-mials  are  Imxi^ht  near  lo  (me  another  with  an 
insulator  (or  tlitlh-nu,  as  faraday  calls  il)  between  ihcm, 
this  diclvrlric  is  subjected  lo  a  mechanical  strain  which 
in(;rca.se«  rapidly  with  an  increase  of  the  didercnce  of  Ihc 
|MJictitiaU  of  tite  luo  iMxttes.  If  the  potential  difference 
be  only  increased  far  enough,  the  strain  on  the  diclcclrte 
becomes  so  great  that  it  is  cveniunlly  ruptuicd,  nnd  «n 
ele<'lTi<'  citnent  t)av(e&  from  tiM'  ImmIj'  at  h^her  i>o4cniial  tO 
the  one  at  lower  |>oii'ntial  lhrou;;h  the  bole  ni.idc  in  thu 
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(lielvciiM- :  lit  (he  moment  when  lite  disruption  occun  11 
spark  OT  tiash  <>l  ti^hl  is  se«n  lu  |uM  hclw«en  lh«  liodi«s. 
Thi;  fact  tlui  there  is  an  ariuni  (IiHru|iiion  o('  tVie  dielectric 
cm  be  asccii.iincd  tfOm  mi  cumin:ilion  of  W/y  dielectrics 
through  which  the  s[>.irl(  h.-is  jmsscd ;  ihcic  arc  always  found 
to  be  [tuni'itired.  In  t)iL>  i»w  of  /ii/uiJt  and  ^r^t  the 
piiiictutc  is,  of  course,  auioiiutifAlly  mended  ulinost  n*  soon 
a-.  i>roduccd.  U'licihet  the  sgiaik  is  due  to  the  inerlianical 
effects  of  the  disni|iiton,  ot  is  a  viwble  aitpeanncc  of  liiat 
iny&tefioiis  cnlily  ilut  wecidi  elcctiicily,  is  immaterial,  i-'or 
otif  present  puipojc  it  is  suflicient  lo  note  that  in  some 
manner  light  is  produced,  and  it  is  only  necessary  to 
arungc  for  a  siilliciently  nipid  sua fssion  i>f  s|urks  for  ihi-ne 
to  be  utilised  for  illitminalion. 

Ilic  two  kinds  of  .npparatii.s  on  which  these  two  different 
princijtlM  are  eiopUiyed  for  ilUiminiilin);  jiur]Hi!ie!(  are 
knoirti  tt!.|>t<  lively  as  Im^indeuetil  0%.  more  brictly,  Qlow 
Lamps,  -tnd  Arc  Lamps.  The  details  of  these  wc  ^lull 
consider  wpciralely. 

Gi-OW  Lamts. 

Hiatorical.— 'I'he  fact  that  it  might  be  possible  lo 
produce  anifirial  jlliiininalion  by  the  raisinf;  of  an  electric 
conductor  lo  tncaltde^cenee,  wax  early  reoognixed  by  elec- 
tricians. Jtut  the  first  practical  attempt  was  by  De 
Moylens  <A  Chclicnhani,  who.  in  1841.  patented  a  lamp 
which  consisted  of  a  fine  wire  of  pbiintim  in  a  gbss  vessel ; 
the  incandpicence  of  the  niie  was  to  he  a^ivted  by  a  fiilling 
slie;ini  of  particles  of  plumbago  or  charcoal. 

A  much  better  lamp  was  invented  in  1S45  by  Starr 
of  Cincinnali,  and  [Kitenied  in  (his  country  by  King. 
Il  is  most  inicTc«ting  a.t  being  the  fir^t  recorded  bmji  which 
maile  u.ic  of  ihe  incindcicciKC  of  carbon  in  a  vacuum. 
The  bmi>  was  coittaiacd  in  an  enlargcmcit  at  the  top  of 
an  ordinary  birometer  tube,  ntorc  tluin  thirty-one  inches  long 
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and  fA\n\  in  the  ii^tunl  way  viOi  inercur>',  thus  itrocliRintt 
ihc  well  kiifii*  It  Torricellian  vacuum  ai  iIk-  H|>pct  end  For 
a  siiKnNe  niatcrial  Tor  his  sltip,  Starr  cxpcritucnicd  widely, 
trying  snd  rtjeeting  man)*  nuierinls,  whidi  irerc  flgain  tried 
&nil  rejected  !>}'  Kdison  arvd  oilier  invcntont  ihiny  years 
laier.  The  pre«ei»i"<;  »>f  tlie  long  liaromclci^ube,  of  cnane, 
inilitaic<l  a^ainM  (he  prj<:Ucal  use  of  the  Lim]>. 

SimulianoouBly  wiih  Starr,  l>e  Changy,  in  I-'rancc,  was 
also  experimenting  on  earlMm  >aA  I'nrttumlMl  pUlinum 
Uni[H,  and  met  with  n  cerlain  inea.surc  of  uicceMS.  Ijiicr 
on.  Siair  iriiil  iridium  for  the  conductor,  and  Nollet,  Kcmn, 
and  fiihera  made  ailcmpis  to  ttse  rarl>Dn  in  a  racuiim. 
lltii  the  liinc  wa<i  nni  ripe  for  the  fiuc<:e%sful  .idoption  of 
an  ck-c1ri<r  lamp  using  a  filmneni  of  c-.ail)Oii  In  a  vamtini. 
Two  difliculiics  Wocki'd  the  way.  The  first,  In  wlwh  we 
have  alrejrtly  referred,  was  the  impossibility  of  producinK 
economically  electric  ctincnts  of  «ut)i<-i«nt  jtovrer  liy  means 
of  I)alterie'i  The  %cc<>ntl  was  sull  more  serioii.t ;  it  was  ihc 
difficulty  of  produciit^  a  sufticicnily  high  vacuum  in  the 
globe  in  which  the  carlwin  is  placed.  For  it  must  be  re- 
membered that  carlKm  at  a  red  heal  unites  with  oxAgcn 
and,  3»  >-e  say,  burns  away.  In  a  lamp  mins;  glowing 
carlwn,  therefore,  it  is  necessary  to  remove  all  ihe  oxygen 
of  the  air  by  efficient  air  ptim[)s,  otherwi«e  the  line  carbon 
rod  or  rilamcnl  would  soon  be  consumed.  The  difficulty  of 
doing  ihb  with  suflkient  completeness  ted  to  e\ien$ivc 
ex|>erim«nts  on  platinum,  iridiimi,  and  o(hcT  metals  as 
substitutes  for  carbon,  but  all  metals  were  found  In  dis- 
integrate itlowty  nt  the  high  temjtcraiures  etuplii)-e(l,  and 
their  UMC  had  to  Iw  abandoned.  At  Icnelh.  however,  Ihc 
labo«irs  of  flciskr.  Sprcnget,  Gimiiigham,  and  olhcr?,  and 
espedially  of  Crookcs,  in  his  "  miJiant  mnltcr  "  ex]>0TimeDI9;, 
resulted  in  th«  eraUition  of  sir  puruptt  m)  jwrfeci  that 
Ihey  imly  leave  in  the  rccciveni  about  one  |iart  in  ewru 
loo  millions  of  the  gasi^ii   originally  contained    dtr 
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Simulun«ou»ly,  or  rather  a  tiulc  htcr,  the  Dynamo  Miictiine 
wns  oomidcrably  inipro^-ctl,  anil  then  thi'  liiiii;  vras  riiie  foi 
ihc  Hcvelopmcm  of  iht"  i;lnw  bni|i. 

Modern   Otow   Lamps. — The  firsi  successful  glow 

]aui|)>.  of  lln:  form  wliuh  l^  now  so  faiviili.ir  to  evcrjronft 
were  produced  by  the  independent  labour*  of  Swan,  Edison, 
l-iiic-Fox,  and  Maxtm,  during  the  ynrs  1S7K  (o  iHKo. 
Wk  do  no(  propoic  lo  enter  into  a  contrft%'ciS)'  as  to  Wiho 
wat  ihc  actual  first  inventor  of  a  MMxessful  carlwn  filaineni 
glow  lamp.  For  our  purpose  it  i.i  Mifficifnt  lo  note  that 
each  of  ihe  alKivenamed  iiwcnors,  nlwut  the  tame  lime, 
and  woikin.L:  independently,  produced  a  practicjMc  ami 
srTrircaltlc  lamp,  Who  wa«  tirsi  fn  ]viini  i>f  lime  k  im- 
material lo  tis  Ittil  wf  may  remark  in  pansin^  that  judicial 
decisions  on  llur  priority  of  liie  iMlenis  involved  do  not 
settle  the  real  question,  t>ul  onl)'  the  Icg^l  one. 

l.eaving  uide  these  (|tie«lion!(,  we  propose  first  lo 
describe  the  ftlom-  lamp  as  it  now  is,  together  nith  some  of 
the  accessories  which  cither  aitislic  or  [>racli<-nl  considera 
lions  h^vc  assoriatei)  with  its  use.  A/lerwards  we  kIuiII 
l)riclly  refer  lo  some  of  the  tntercsliiig  details  connected 
with  iL 

EJison  itnJ  Stitti*  /rfw/j.^The  manufacture  of  glow 
lamps  in  ihc  Uniled  Kiiigdooi  hasbecn,  until  quiterecently, 
3  close  moiwpoly  in  the  hands  of  the  I'Alison  and  Swan 
United  Klectric  Ijght  Com|iany,  which  was  originally 
formed  by  Ihe  anialgaovalion  of  xepiirsle  coiojianies  engaged 
in  the  nunufuciure  of  Edison's  lamps  and  Sn^n'i  tant[):t 
respceiively.  'ITkc  latter  companies  were  3t  one  lime 
engaged  in  litigation  with  regard  to  Ihc  priority  of  their 
re'jpe<:livc  [Mtents  for  the  conslriiction  of  glow  lamps,  and 
ai  it  was  im]iosiil>le  to  foresee  the  result  of  this  liti^tion,  it 
mas  decided  lo  ania^amate  and  ihus  save  some  prospective 
hcav^-  taw  ex|>ct)ses.  'l~hc  |kitcnis  lictd  by  the  amnlgamaied 
|iroved    KufHctenlly   strong    to    beat    all    otiter 
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comjicliion  in  the  law  courts  ami  establish  tbfr  inooD|icil]r 
refcTred  to.  This  monopoly,  hoircirvr.  has  now  coiim;  to 
on  end. 

The  Kdison  and  Swan  Ktandard  Tonn  of  8-  and  i6- 
candle  Unip  is  shown  iit  Fig.  t};.  Ii  coiixiHtH  oi  a  gkua 
eiK'losinjj  fjlobe  thnsugh  «-hkh  jtoKi  the  iilaiiitiini  wires, 
/»/-,  whoseciidsfln.-  bcntnvcr  and  again  seakd  imo  ihc  (il.i» 
so  as  lo  form  irrmin.-)!  loo]v<  lo  which  ibc  currcnKatrying  cim- 
dtictnre  cm  be  atutrhcd.  Wc  m.iy  rcn»rk  in  jiasving  ih4t 
{>lntiniim  is,  so  (ax  .tk  wc  nt  prevent 
kiiow,  (he  uidy  conductor  which  c:nn 
be  t)a!acd  through  glass  so  as  to  make 
an  ainighi  joint.  'I'his  H  twcausc  it  is 
tliv  (inly  known  ro«wtii(inr  whoK-  to- 
cRicienI  of  ex|>ansio»  by  heal  »  ticarl)- 
thc  same  as  that  of  glass.  In  onjer 
to  {KISS  the  nHljl  Ihfoitgh,  the  glass 
has  to  be  wifttned  \vf  hc:ilinf;  it,  and 
at  thai  Iciiipcraiurc  any  itieiul  could, 
of  course,  be  paocd  Oirough.  and  the 
cnnlact  or  glass  and  nictil  inadc  air- 
tiKlil.  But,  on  cooling  down  In  the 
ordinary  temperature,  if  the  tnrt  do 
not  coiitraei  equally,  cillwr  the  gbsk 
will  Im;  cnM-J»;d  or  the  metal  lie  loose  in  the  hole.  'I'hua 
it  is  iiecesiiaTy  thai  the  meinl  uted  dmuld  have  the  same 
co-efiicicnt  of  ibennal  cxjiJinsion  an  glats,  and  we  Iwve  * 
mofit  inictesting  illuMraiion  of  the  incxonl>le  r^omusncss 
of  N.itiircS  Uws. 

[niemalty,  Ihc  platinum  wires  end  to  two  little  spirals 
or  cuia,  into  which  ttve  ends  of  a  carefully  pre|inrcd  cirbon 
filament  arc  irucitcd,  and  a  j^chkI  cicctiicjil  joint  made  wiili 
tar-putty  or  in  other  ways,  lite  Alanicnt  u»ed  is  \ety 
slciulirr,  arvd  offers,  a  high  k^\--    •■-  ■•[ 

caircut ;   for  instance,  llie  li.  ,  i 


Fig.  >»--IUHHi>BdSmi 
SiHdwd  Ctaw  Liiar 


"  EPtsifAfi"  OfUf  Lamp. 
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rif  a  i6uiivdli'  |iau,-cT  loo-voll  lnm|i  is  ali(>ut  155  cihms. 
When,  therefore,  a  current  of  5ul}it'i<:nl  nugnittiJe,  nimul 
o*6.|  ampcTi.'  in  (he  c.i<w  ciicfl,  \^  jMssed  through  t)ic 
filnmum.  it  ii  T.iisc<l  to  inrnn<leNi:«ncc  tiy  ibc  heal  generate), 
and  rmilH  n  jwrfccily  sica<ly  and 
soft  light. 

fine  form  of  Iwltkr  used  nilh 
ihia  luiii|i  ii  shown  in  rig.  ^^^  on  9 
somewhat  larger  hcide.  'riiclmdy 
of  the  holder  isof  cbo^iilc  or  Iwrd 
wood,  and  ran  he  screwed  inlo 
any  convenicni  KUkel.  'I'll*;  two 
t>in>ling  scrcvm  nre  metalltrjlly 
connected  to  titc  two  litilc  sjtiml 
springs  piojcctinj;  downwatds  and 
tenninaliii);  in  huuks,  whiL-li  uil- 
lo  1)c  tuscited  in  the  pbiiniim 
loops  of  the  lamp.  The  two 
Urge  loo|>s  of  hard  limui  attached 
Ki  the  holder  (unp  the  ^l.-tst  f^lobc 
lightly  and  hold  it  fuoily  in  its 
place. 

'Ilie  platinum  loot's  n'jtrv- 
senicd  in  M'\^.  2j;,  t)u>i%h  other 
wise  a  good  form  of  terminal,  arc 
eomewhal  fragile  and  cosily 
broken  olT  sho<t,  in  which  casts 
I  be  bmp  iKtoiiH'S  usclcTU. 
Uthcr  kinds  of  icnninals  hatx',  thcrefort,  iK-cn  devised, 
tho«igh  in  all  l'Suh.-s  it  must  be  retnentbeicd  that 
pblinuin  »  umxI  to  |>ass  the  current  ihToui^b  the  glass. 
Some  of  these  terminals  arc  iltustratcd  in  Kigs.  239  to 
2.(1-  I'ig.  iyi  shows  iwo  forms  of  "bottom  loop  rjp" 
tetrninnK  as  Ihey  aie  •'ailed.  An  earllit-nwnre  cap  t> 
cemeuted  on  to  the  icimiiuil  end  of  the  lamp  with  plaster- 
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of-Piiria,  and  ciiirin  twv>  Mmnfc  loDpt  whirh  arr  finnly 
nti.irhcd  lo  ihc  pbitiiuni  loops  ttndvmcaih.  In  tliU  way 
ihe  it-rminaU  art'  i>mcc»:icd  againft  Ihc  evil  cfftci*  of  vibni- 

nil 

tions.  Kucli  iis  exiit  on  IxuirH  Steamers  and  in  otSer  pUcen, 
as  well  as  a^aiiisi  <>iiiJ(lei<  jars. 

Fig.  2^0  ic|)r<'scnts  ihir  cap  originally  invented  by 
Rdison.  The  pbtintim  wires  arc  altaclHtl,  one  lo  a  plalc 
of  thin  brass  al  tin-  t:n<t  of  the  capt  and  the  uiIk?  10  a  coaTNC 

scie«-  of  slicci  brass  surround- 
ing it :  ilif  intvcT  sjom;  and  (he 
s|Kii-<;  liclw<'cn  lh<;  Iwo  (hmtc 
or  lira&s  h  fitted  with  plaster- 
of-raris.  The  cap  U  used  wiih 
a  special  socket,  which  may 
Ik;  described  as  its  reversed 
roimtcritart.  Tlic  screw  on  the 
cap  works  into  a  corrc$]>onding 
screw  in  the  sf>rVil  nltnchcd  10 
one  of  the  siii>ply  witCR,  and 
when  screwed  hnme  the  plate  at  the  end  i>(  the  c;)p  |>ri-0^^ 
ngatn.ll  a  jibic  in  live  socket  attached  to  the  oihet  »•'  * 
wire.  In  snewing  these  lamjis  home  tlieie  is  a  r) 
wrcnchin;;  off  the  glass  al  the  neck,  ihi^  m 
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Fig.  >4i,  and  known  as  tlie  "  Btau  Collar  "  tcntiinal.  The 
neck  of  (he  ljni[)  if-  ^^uttotindcil  l>y  4  brnw  cultnr,  secured 
and  filkd  nidi  iiluu-iof-l'niiv-  An  end  view  of  l^t^  cullar 
is  sIkiwii  at  the  aide.     The  [ilntinuiii  leadintttn  wires  arc 


atlached  to  Iwu  platui,  axaA  6,  uf  stout  lirass,  insulated  Tront 
one  another,  and  Itie  collar, by  the  |»lasler.  'Iheri:  arc  two 
litilc  ituds  on  ihc  irullar,  whidi  fit  Jiiiu  a  liayunct  joint  on 
the  holder.  When  placed  in  the  holder  ihc  plates  a  and  ^ 
make  contact  with  two  brass  studs  pressed  for- 
ward by  s]>ring5,  and  carJi  connecteil  to  one  of 
the  su|i|ily  wires. 

Besides  Ihc  stamlanl  limp  of  Via,  23J,  the 
Comjuny  manufaclures  Umps  for  all  purposes 
and  of  all  liindic  poweris  from  one  lu  one 
ihutiiand.  The  small  (;anilii;  pourcr  lan))>»  arc 
made  in  many  different  forms  for  various  pur- 
I)Oses.  'll>cy  may  be  used  for  surfiioal,  denial, 
and  micruM:oi>ic  work,  for  |>liMing  in  re.d  and  hk. -ij-Swii 
anifietal  flowent,  headdresses,  jeweller)-,  miners'  sm2<*n^'ni' 
lanifu,  and  so  forth.  As  a  rule  ihey  ain  l>c 
lit  up  with  small  and  not  very  heavy  secondary  or  primarj- 
laticfiesi  One  of  these  lamps  for  surgical  and  microscopic 
work  is  shown  full  sijie  in  Fi^-.  i^i.  A  [ireksure  of  from 
>L  volts  is  sufficient  to  make  it  glow,  and  when 
•Cent  it  ipves  a  light  e<)ual  to  thai  of  a  single 
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In  itbw  laitips  ilevvlu|iing  very  high  <-nnillr  |>uwcre  the 
Edison  and  Siran  Cumpany  pbi^-x  vewnX  lung  high  rcnisL- 

aiKc  Tilanicnls  iii 
IKimllcl  wilh  oni: 
,in»iii(.-r,  M>  llut 
thf  curreni  ilividL-i 
amongst  ilKtn.  In 
this  way  a  much 
Urjjcr  radiating  or 
li^ht  cuitiiiig  tur- 
Urx  is  obuiinctt 
tliaii  wouk)  be  givrn 
irihcfiljinKnin  WLTu 
«:|ilaccd  !>>'  a  ntiich 
lliicker  one,  capable 
ofcairying  the  total 
ciinrni.  For  in- 
aiunce,  in  the  500 
candle-iKiwei  lamp, 
showD  about  one 
(tuntlvT  uf  iu  full 
bill:  in  Kig.  ^43, 
tiK-it;  are  live  »ucli 
long  lilatncnis.  One 
end  iti  each  hljuncnt 
iit  Jtta<:tKd  lu  one 
iif  two  copper  ritigx, 
which  arcconnci:tcd 
by  sttMil  ronduclurs 
lo  the  leading  in 
vim-  V.Ach  o\  itie 
latter  conniMs  of  n  bundle  of  fine  platinum  wiics  and  the 
oui&ide  icrniinalN  ate  carie»|K>nditigly  mnasive  The  lotup 
i»  MtirtiunOed    by   a    iiL'luurk   lA    line    wir  ,h 

the  risk  uf  actidcnu  from  falling;  i;lus.i,  : 
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liilipni  10  gel  Iwukrn  while  in  use.  The  lamp  shown  takes 
u  ctiircnl  o(  i8S  ainiiorcs  at  lOo  volts,  nml,  ilictcfort,  has 
an  effective  rciistancc  of  53  ohms,  or  26-5  ohmi  i>cr  fita- 
mcnt,  whitn  it  xtnorlM  i,K8o  itxa*,  or  I'j  horae-povFcr. 
With  lliii  brge  alisorjXion  of  energy,  as  may  ensily  )>e 
imajtioed,  the  lamp  gels  vcty  hot 

In  coiitluvion,  there  is  a  Miiipic  im-ihod  hy  which  the 
light  of  n  glow  latti])  thrown  in  a  ;iartiriiUt  direclion  can  t)c 
muchincTcawiL  Thh 
is  a<x'om{>1ishe(l  by 
silvering,  as  in  or- 
dinary mirrors,  one 
h»lfoflhcbiilb.  or 
eotiru;,  ihc  light  in 
one  direction  is  qmic 
stop|>e(l,  but  in  some 
positions  this  is  im- 
tn.ilerial,  and  the  in- 
crease of  the  hght 
in  the  other  <Ii  reel  ion 
is  very  marked,  'nie 
same  effect  can  be 
pnnluccil  by  aiiacli- 
ing  a  suitably  shaped 
metallic  mirror  to  one 
side  of  llw  lamp,  aiid  ihH  method  has  tlie  adt.inugc  lltat 
the  »roi-  mirror  cm  be  used  for  successive  lamps. 

Physics  of  the  Glow  Lamp.— 1  here  arc  scvcml  mwt 
iii[c[c\liiiK  p!i)Mi.j|  phinuniciui  connected  with  the  glow  ' 
lamp,  which  we  reL;iL-t  we  have  not  ipice  to  de:ictibe  fully. 
In  the  fir^l  place,  the  glow  lanip  is  a  more  or  less  perfect 
rncutim  tube,  and  the  varioa'5  i>henomcna  of  electrical 
discharijes  in  liigh  vacua  can  be  observed  in  tamjis  ot 
differcnl  degrees  of  cxhaustioru 

I'hen  (iictc   is  a   must  curious  effect   ktiown  as  llie 
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"  Edison"  effect,  tint  uUcrvcd  by  Mr.  lujison  in  1884, 
and  mi«e  tecciiily  (iKijo)  Kxu-iniiiivil  hf  l>r,  FkminH. 
A  iiictal  |>laiv,  M  {V'ty,.  144},  sui>i>unt;d  by  a  pbtintitn 
wbc,  tvalcd  through  the  bulb,  is  placed  between  the 
two  legs  uf  ihc  nUnient  of  a  gtonr  lamp,  so  as  to  fumi 
n  kind  of  icrecii  between  iheiit  :  it  docs  no4,  how- 
ever, touch  cither  leg,  but  is  well  insulatMl  from  both. 
Let  now  3.  continuous  stead}-  current  be  sent  through 
the  lamp  from  the  right  10  the  left  hand  icrminal,  and  let 
the  iiositive  or  right  Hand  lerniinul  he  connected,  as  shown, 
through  a  scDMtivc  gah-anomctcr  to  the  wire  su|)portiog  the 
tiictnl  ]>lale.  'I'hc  galvanometer  vdll  be  foui>d  to  show  a 
steady  current  of  sewnil  inilliaropi-rL-f,'  Hnwing  in  the 
direction  indicated  by  the  arrows,  'iliis,  in  itself  a  nvost 
curious  mull,  becomes  still  more  curious  when  we  find 
that  on  moving  the  galvanometer  wire  from  the  [KKtitive  to 
the  negative  terminal  .-ill  indications  of  current  cease.  How 
b  ihi:  ptiL-n4>menon  to  lie  explained  i  In  some  way  the 
current  in  the  lirst  experiment  must  croi4  the  gjp  between 
the  metal  plate  and  the  negative  Icrminal,  and  Dr.  Fleming, 
by  using  it^entouxly  placed  nrcens  of  glau*  at>d  mica,  has 
%huwn  that  (Iteiv  is  a  cuiilinuuus  itM>lceular  stream  of 
ne>iativcly  char^eil  lariiiles  shot  olf  from  the  neg^itist:  side 
of  the  fibment  against  the  plate. 

That  particles  of  car1>on  are  torn  off  from  the  Alamcni  if 
evident  from  the  fa<:t  that  the  libmcni  gradually  wastes 
away,  usually  most  (|uickly  at  some  spot  where  {Wtsuiiiably 
there  is  some  minute  defet:!.  And  even  in  lamps  which 
have  noi  "burnt  out,'  there  is  after  lon^  use  a  distinct 
darkening  of  llie  bulb,  due  to  de)x»itic>n  of  carbon  particles. 
\V)i«n  the  filament  finally  breaks  at  some  point,  ^uc)l  as  a 
(Fig.  245),  very  rapid  disintvgralion  sctms  to  oicccde  the 
actual  ruplurc.  the  bulb  becoming  (l.-)r  ry  ijuiekly. 

Moreover,  il  is  curious  to  note  that  the  uunuciiriled  010I& 
*  Otw  cnlliinijii'tic  ^  ijW<k  r 
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cul»  irav-el  in  straighi  liiica,  at  ihown  tiy  ih<;  oppotiiie  leg 
of  t)i«  lilametil  raMing  u  well-iletined  "  moteculnr  shadow  " 
on  \\ie  fiiass  ar  />l>,  direitly  behind  ihc  unbroken  leg.  «here 
ihcic  is  a  cloai  Mrip  o»  which  urbon  is  nol  tlcjKMitcd  to 
nearly  the  same  cMcni  .is  in  lh«  immediate  ndghliourhood. 
Light  of  th«  FIrePly.— A  curloui.  invotigation  was 
rccciiiljr  undertaken  by  Profesior  S.  P,  I^hkI*;)'  for  ihe 
purpose  of  coniparini;  the  efficiency,  as  we  may  call  it,  of  the 
lighi  emiucd  bj  the  nrc-Ky. 
with  (hat  oliuined  from 
other  nattinil  jnd  ariifi<-b1 
sources  of  iIliimin;iiion. 
By  the  efficiency,  wc  mum 
llie  ratio  of  tht  encrjKy  of 
the  radiations  which  pro- 
diKC  Iim)in<i«iiy,to  tbctoUil 
>.-iiLT>;y  radialt;<l  liy  the 
luminous  source,  'I'hc  re 
suit  is  very  intcrcstintc.  It 
is  welt  known  t)ut  tho 
radiations  wht<-h  constiluie 
light  lie  between  certain 
narrow  limits  of  wave 
length,  and  tlunl  they  ure 
iiKiuilly  accompanied  by 
siniibir  radiations  outside 
ihoisc  limits,  which  are 
unable  to  cxtiie  our  iicmto  of  vision.  In  nio»i  rases 
hy  fat  the  greatest  part  i>f  the  energy  of  tlw:  wa%-es 
consists  (A  this  non-luniiiious  energy.  Professor  l.inglcy, 
howvvcf,  tinds  that  in  Ihc  case  of  tliv  fire-fly,  practically  Ibc 
wtiolc  of  the  radiations  lie  within  the  limits  of  the  visible 
ii|*ecinim.  l-'(om  his  numerous  results  wc  select  tbt-  two 
curves  given  in  f'igs.  J46  and  147.  In  these  curves  the 
horizonlal  distAnces  represent  ware-lengih.i  in  ihousandlhs 
ac 
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of  milliniclrcs,  and  ihe  wnical  distanrcs  re|irc«cnl  ihi.* 
eivcrgy  or  till-  <'orrc«{)ondin{{  rndiittons.  '11)C  liinils  (if  ll>c 
v\M\A<i  Hiwctrum  mc  shown  by  ilutlvd  venicAl  lines  and  the 
proportinn  of  the  area  of  the  ciirvc  between  these  limits  to 
the  total  area  iqircsents  the  above  eAiciency.    The  cunxs  arc 


Hie,.  '«*•-  KMty  i'«>v  itfdM-riMK  lUdUiiMn. 

ilrtwii  i»  hav«  the  xaac  inial  .-ul-3.  In  ihc  5m  cutvci 
■mhkh  rc|iTCSCiils  tltc  i|M;iritiiin  of  a  jias  flame,  only  one  finir- 
hiindicclth  |KiTt  of  ilie  totil  energy  lies  within  the  Iiiminoiix 
ItmttN.  l-'or  |iur[MiKc«  of  illiimirution  the  other  399  \an» 
ar«  ahsoluiely  useless.     But  in  Ihe  caae  of  Ihe  fire-fly  all  the 

I  tmttt  I 
>  or  . 
•  t'iitit 
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11^     it  ~  ia      la      It      lA       uKuUMMua 
Fif.  tn.-  EiioiT  Cmv*  of  tVe-nf  KadiuMnL 

radiations  jirodtwre  lixlii,  and  the  efficiency  is  100  [xr  r^ent. 
In  feet,  the  rune  «innoi  be  completed  on  the  k^iIc  ft  tlu- 
gas-flAnte  ftyurc,  whtdi  is  ttie  Kale  ndoptc<).  as  tlur 
distjiiKe!'  would  exceed  Ihi-  limiUof  (he  injier. 
tif  the  LTinc  is  8.700  divisitms  uf  ihe  veriical  • 
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if  we  rouh)  )wnil»<:c  thi;  )if;bt  of  Ihc  (irc-dy  on  a  larj^  scale, 
it  wiHiIiI  In-  by  far  the  xwM  efficient  fomi  of  lighl.  I'mfcMor 
larifjky  considers  that  sticli  |>riKlu(  tiun  is  ivni  iTi)|iO!t«ible,  aa 
vital  processes  do  not  wcm  to  be  essential  to  it. 

Arc  IjkHPs. 

Hiatorioal.  'Hie  lint  to  tititisethe  light  from  r  succes- 
sion of  <;1o:tnc  &]uirk&  /or  the  jiur^xuc  of  [)r<Klucing  an 
illiiminalion  whi<'h  might  he  of  pnaJLal  dm;,  <ra.t  Sir 
I[iiri)]>l)r)*  Djivy,  who,  in  iSio,  exhibited  the  "arc"  lijjht, 
at  lie  ailkd  ii,  at  the  Royiil  Inttiliilion.  The  origin  of  the 
word  "arc,"  now  so  widely  iisetl  id  deftignate  this  kind  of 
light,  is  ctiriotis  and  interesting.  I'he  points  t)ctn'een  which 
IMvy  pasMvl  ihv  Kp>rk»  ui-il-  in  a  horirantal  line  i  tlie  ait 
lit-twcen  tliv^c  points,  beini;  heated,  ascended,  nnd  in  doing 
so  caiiscti,  between  the  points,  an  upward  current,  nhirh 
blew  the  sparks  into  the  form  of  an  "  srch."  This  suggested 
the  name  given  to  the  light  fay  Davy ;  but  nowadays,  when 
the  M.-paraied  points  are  usually  in  a  vertical  line,  ihc  "  art: " 
form  is  seldom  seen.  To  produce  his  arc  light  on  the  ahove 
occasion,  Davy  used  a  battery  of  3,000  cells,  for  he  found 
that  without  thi^  biKi.-  number  of  the  primitive  cells  then 
available  he  could  not  maintain  his  light.  It  is,  therefore, 
not  Mirjirixing  that  for  many  years  L>aTy'g  experiment  ina 
only  rejtfoduccd  in  the  blioraiory  or  lecture  room,  and 
it  was  not  until  a  less  cmnbrotis  means  of  producing  the 
electric  current  had  been  provided  by  the  invention  of 
Orovc's  and  Itunscn's  cci!-s,  that  inventors  began  to  turn 
their  attention  lo  im)>TOvin^  the  details  necessary  for  the 
(itoduetion  of  a  steady  light. 

In  184,)  i.con  Koucault  exhihiied  a  bmp  in  Paris,  in 
which  the  posili         '  '  ns  was  adjiisird  by  hand  ;  but 

the  fiM  nrr  lainik  wa«  Thonus 

VVrijil  IS  shortly  followe*!  by 

W.  I  gcnious  forms  of  arc 
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lamps,  homt  of  thrai  cmliodyin);  iinponant  deUiK  which 
hnvc  been  ic-itivcnlcd  during  ihe  List  fvw  ycam.  In  ihe 
n«xt  trn  or  twclvi-  yeAt*  many  good  lamps  were  produced 
by  Archcreau,  Surrin,  Foucntilt.  Gai(&,  and  others.  All 
Ihe^c,  however,  vrew  nt^<?e»arily  supplied  wiih  ainont  from 

pniaary  hnireriex,  nnd  this 
nuthod  of  fjeucraliitg  electric 
energy  itjis  still  too  costly  for 
the  arc  tight  to  come  into 
txlirnMtx-  U!i&  But  wilh  the 
iiitprmeiiicnt  of  the  dynamo 
ni-iiihrnc  ihc  siibjccl  again  at- 
irat  ivd  lh<;  ailirniion  oi  invt-n- 
Kirs  wilh  l«nter  pmctkiil  kuc- 
u:Nt«.  Hcf(Ke,hi)wcvi-r.tlcM:iih' 
\n^  a  few  ly])icjil  modern  forms 
of  an.-  Iam|it.it  wotdd  tie  wvtl  to 
[lilt  hefore  our  readers  a  brief 
Mimniary  of  the  ciccirical  and 
'>il>eT  conditions  that  must  lie 
fuliilk-d  in  Older  In  i>tocuro  a 
steady  light.  That  ihes«  may 
\ii  cK-arly  follo«cd  we  must 
first  dcscrilM;  ihc  arr  itself,  as 
it  is  now  ut>u.-ilty  formed  be- 
tween carboti  ptMnts, 


FIc  aiK-Ctrtea  niiiiu  of  Aic  li^i 


The    Xkctric    Arc-  - 

'Ibc  appearance  [xcscnted  by 
the  earbon  points  of  an  arc  light  fed  by  a  continuous  cur- 
rent is  shown  in  Fig.  24$,  whkli  is  a  I '*'  i  piaure  of  the 
caihons  after  the  light  hn.s  bccti  I  me  time.    1'he 

upper  carbon  is  llic  pmsitiit,  and  Hie  Inwec  ihc  negative. 
The  extremity  of  the  former  it  •  ihc  «h«fie 

of  a  crater,  and  emits  an  iMf  n   ibu 
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crater  the  gautcr  and  certainly  ilic  most  Iirilllant  portion  of 
ihc  light  ptocvcds.  'I'hc  negative  atrbi»)  ucars  away  lo  a 
puint,  ;ii>d  is  xnA  neatly  «>  himinous  ns  the  positive,  (hough 
it  emits  a  Tair  i(iiaiicit)-  of  light.  Thi.-  tittle  nudules,  ;^'i 
KL'cn  un  the  coolrr  |nri$  ni  the  i^aHiona  are  ]>Tobably  due  to 
mcliiUie  impuriiin.  Hic  presence  of  these  impurities  causes 
llic  Hglii  (o  flicker,  liotti  carhons  ('un:«utnc  slowly  aw.iy,  but 
the  jMisitiw  at  about  double  tlw:  rate  cif  tin;  ncjjalive.  The 
iippcarxncc  dcpi<*lcd  in  Fig,  J4S  is  thai  <if  the  carbons  in  an 
ordinary  arc  lamp  using  n  continuous  cuncnl  nt  .1  pnctnirc 
of  about  ftOy  volts.  When,  hovrervr,  the  arc  is  finrmcd 
lalwL-cn  Iwo  (Kiims,  subji-cied  to  a  high  alternate  potential 
diflerencv,  it  |iiC5cnis  a  very  diHclviit  appearance.  In  some 
GXperitncDts  made  by  Mn^r^  Siemeui  and  Halake,  an 
alternate  P.D.  of  alKHit  :o,ooo  vulls  wa»  tiA'd.  'Pie  re- 
Hullinj;  arc  is  shown  Kilfsiw;  in  l-*ig,  149.  The  i-lcctrodes 
were  aluul  an  inch  aftart,  and  the  an  formal  niadi.'  a  loud 
"humming  and  cUpping  noise,  and  liapjwd  about,  being 
easily  carried  away  by  the  slightest  draught."  In  all  caset, 
instead  of  tillirig  the  sjuki-  between  the  ele<*tii>deN  it  ^lood 
up  as  shown,  that  n.'^embling  Davy's  nrlginal  "arch." 

The  appearance  and  the  belianour  of  the  ordinary 
"  arc '  being  as  hrst  described,  let  us  consider  a  little 
more  cloAcly  h<m'  it  is  iHnduccd. 

Primarily  wc  have  on  the  uiie  hand  a  source  of  cleciiic 
current  energy,  and  on  the  other  a  piece  of  ap|>aratus  for 
converting  that  energy  into  light  and  heal.  Assiiming  that 
the  fint  is  so  regulated  that  it  will  KU|>)>ly  the  tnetny  at  a 
constant  rate  uitdcr  varying  cuiidilioiis  il  is  the  function  of 
the  latter  to  to  converr  il  into  light  and  heat  iliat  the 
intensity  of  the  former  does  not  vary.  Now  the  light 
and  heat  evoIve<l  are  due  to  the  <:oniiniiou9  passage  of 
itie  electric  S)xitks  between  Ino  i>oinls,  sejiarated  by  a 
diclccitit.  This  passage  of  the  spark  is  aco>m|»nicd  by  the 
generation  of  a  large  amount  of  iH'at  t-oncvnimted  in  a  situill 
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tpacv,  ami  conM(|)K-ni1)-  the  ]>»inls  Ix-twevn  wlikli  tlie  Sf 
pa)niirei|(iicktyr;ii.tt;il  ton  higli  tcmiwraturtf— su  liigh inik«d^ 
OmI  the  inoit  refractory  ntelaiN  nre  fiiscd.     Metallic  puint*. 


Fif.  JIQ.— Aticinllg  CilRiw  K^m,  ViA  .tie 

tliiitf'ifc.  caniKil  Ik;  iiwd,  Aiid  yi-i  ihc  ntaUMnl  fm|>l<iyctl 
niu^t  bv  capable  of  UMttlui  lii^  llif  dictrk  inireiH  to  ilic 
iwiiiis.     Fortunnitily,  carixm  (Mh  mwl   but  not  oJ)   \bv 
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romlilion*.  It  is  a  con<Iuclur,  iind  inajr  be  brought  to  an 
intense  white  heiU  without  fuaiun.  [u  i  litef  drawltack  is  its 
|ni)j)trty  uf  ctMnbtnini;  with  oxyKi'i)  at  moderaldy  high 
tcni[>cr<i lures  \  hot  by  sclcctinj;  very  hard  forms  of  cailiuii 
the  r.ilc  of  combitMitiDn  can  be  m^dv  very  slow.  Moreosvr, 
il  is  wry  iirotnUi-  tint  nl  the  ii;ni[>cnitur(i  actually  Aliainnl 
carbon  and  otygen  do  out  i^onibirH',  or,  in  the  tanKiia^^v  uf 
ihc  dicinist,  thv  lutiiiM-TitUfV  h  abovu  Iht;  dissociation 
IKiint  of  carbo<)  monoxide.  If  iliis  be  rcaUy  ihc  case,  t'lv 
carl>on  voUiiliR-s  slowly  nt  lh«  points,  combining  with  oxygirn 
only  when  il  rv:nclK'S  tho  cooler  paf*  'i  t'"-'  Mci;(hln>mh(«>d 
of  ilic  arc.  Wlwiewr  the  cxplanjtton  may  he,  it  n  certain 
that  suitable  carbon  points  only  consume  slowly. 

Now,  any  altctatiun  of  the  dtsLincc  between  the  nirbon 
piflnts,  ur  Ihv  k'ni(lh  of  the  aiv.  as  il  \t  valkd,  will  •fbvi>>u%ly 
3)(cr  cillicr  the  (lolcntial  ditTerctice  required  to  ptodui'i-  the 
»ame  current  (or  succession  of  sparks),  or  the  current  due 
to  lUc  »amc  giolenlial  diflcaitce.  'I'o  kivp  the  light  sleiiily 
it  is  therefore  otiviou.i  tliat  arrange  men  t.->  must  be  ntade  for 
fttJtHg  foiward  one  or  both  carlwns  at  exactly  ihc  rale  at 
which  ibcy  arc  being  consumed.  If  the  rale  of  consumption 
were  pcrTccdy  uniform,  this  oouM  be  done  by  properly 
designed  cloitkwiitk  ;  but  jnactically  it  is  (niirKl  that  whatever 
may  lie  the  motive  power  used,  the  (otilrc!  of  the  feeding 
mecbanisnt  must  be  electrically  go\-crned,  in  nays  to  be 
presently  explained,  by  the  varying  elccuical  conditions  in 
the  arc  itself.  Artotber  coivdition  is  the  use  of  good,  pure, 
and  homogeneous  caibon^  :  without  llKKe  no  <:iinlriilling 
mechanitm  can  be  IniM",-*!  lo  (jive  a  steady  light ;  but  as  tlie 
manufaclur«  of  arc-tight  carbons  is  now  a  K'dldcvclopcd 
indiuiry  there  is  no  difticuliy  in  procuring  suitable  ones. 

One  other  rciuisitc  of  an  arc  Iain|>  must  be  noticed. 
Experiment  shows  itul  with  ihe  polenti-il  differemes  uKi.illy 
employed  f.iliout  fifty  %-olt*^  how<-vet  cIom-  the  iMrlK>itK  arc 
brvt^lit  togelhcT  before  the  current  is  established,  the  sjiarli 
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uiimut  It-aj)  across  llic  i;a|i  of  ai//  wr.  ll  is  tlwrefnn:  nccca- 
sary  to  firsi  tslablish  Ihc  cunvitt  \>y  bringing  lite  (siitwnE 
into  roniact ;  if  they  an.:  ibi-n  SL-|inr;ile<l  .1  tiiilc,  tlic  Nioik 
due  lo  (he  btoakin^  uf  ihv  citcnit  k-a;i»  aciut^  ihc  ^:i)>,  and 
is  foDowcd  by  other  spaibs  in  rapid  xudcnsion  iliroiisH  ibc 
now  licntvd  air.  'I'hu^  the  mccUanism  of  an  arc  tamp  must 
include  an  an.-in^<;nienl  by  which  the  cubunsarv  brought 
into  conuirt,  and  then  <liuwn  a  sb){bi  <IUtance  a|art  us  kuuii 
as  lUc  cuneiil  passes.  This  is  tcchnirjily  known  as  ttie 
"tiritinx"  mci'tianism,  fiom  the  phmjc  "striking  the  arc," 
and  shuiild  obviously  be  v1t:x:iro-inn^ni-tir,  ami  urtiuicd  by 
llic  cunuril  }m!t»ing  thrt>ui[h  (h«  iirboiii. 

Thus  «(.■  Kc  that  the  cuiiuttucntii  <rf  a  good  arc  lamp 
arc  gouil  bumogcncous  carljons,  good  striking  rnvdunisni, 
and  a  jwrfvct  fvcd-  Other  atcvsNurics  are  oflen  added, 
such  as  fuctiiising  ariant^emenis  for  M^ardi  h^jhts,  changu- 
over  Dicchanism  in  doublecatlioii  lamps,  and  cut-outs, 
which,  if  an  accident  ha|>|Kiis  to  (he  Um|>,  autocnalir-ally 
remove  it  from  the  circuit  without  inlftitipting  the  aiircni. 

The  fiitidamenial  conditions  tu  be  fulfiDeil  lieing  *a 
simple  iiavL-  oO'eivd  an  almost  boundless  field  to  itivcntois, 
who  have  utilised  it  to  the  full ;  for  to  |iroduce  a  workable 
arc  lamp  rc<|uin.-s  little  or  no  oiiginaliiy.  and  calls  for  ihc 
display  of  only  a  moderate  aimxint  of  mediantcal  hktll. 
The  coiue<|uence  is  ihai,  for  many  years,  the  I'atent 
Office  has  been  inuttdate<l  with  arc-hmj)  |iiaten(s,  many  of 
which  have  nercr  come  into  practical  use.  A  lecturer,' 
who  has  reccndy  had  the  patience  to  examine  most  oi  these, 
divider  the  feeding  mechanisms  alone  into  thirlecn  classes, 
containing  altogether  (ifty-scven  >-arieiies  t  We  do  not 
pro|>OM  to  inflict  u|X)n  our  readers  a  minute  description  of 
even  typical  examples  of  these  various  cbsscs :  full  detaiU 
can  be  found  in  the  paper  referred  lo  and  elsewhere;     For 


Pi«f.  8.  I*.  THniajNAa,  Sodely  of  -\m.  bill  Alii«li,  iSSg. 
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our  purjKise  wc  shall  sekd  two  or  Ihrvc  lamps  inU-ivKting 
either  froni  an  liistoticiil  point  of  i4t-w.  iir  l>ti:3usc  they 
hiivc  cmcTgcil  »ti<  I  esiJiiUy  ffum  ihc  mtu^kIl'  Tot  the  "survival 

llu:  rtltesl." 

One  of  the  most  in- 
IvTcsling  oi  hiuoiUnl 
biii|is  U  itic  Foucanlt- 
Dabosoq.  shown  m  Fi<:. 
150.  Urigmaltf  ricsigncti 
by  l>iili»M-(|  for  Uit  will) 
\ama,ty  lotteries,  il  wa^ 
quickly  imitrovvd  liy  \.\k 
invcntut  with  ihv  l)cl{>  ol 
Kuuruuli,  and  fur  many 
years  eithci  it  or  the  Strriii 
lamp  W3K  u.tcfl  for  mini 
lulHiratoiy  anil  leciuru  pur- 
poses. UndvT  ihc  special 
condilionii  of  supply  (<>r 
which  it  wuK  ilckiKnt^d  -  - 
iiuiiiety,  AS  a  wn^lv  lankp 
wofkcd  by  a  liallery— it 
is  a  rcin.irkably  .sleaily  and 
reliable  lamp.  'I'hc  car- 
bons iH-ld  in  suii.ibic  <  liiw, 
dcsignod  [O  admit  of  ail- 
jiuiiiieni,  arc  ruecfaankally 
attached  to  iwu  long  raclts 
wliith  arc  moved  up  and 
down  by  ui«aiis  of  toothed 
wheels.  The  lack,  l>,  for 
the  Iqwct  carbon  b  directly 
below  it,  wtitbt  that  (in 
the  upper  carlwn  .tlitlei 
in  a  tube.  H,  at  the  side.        "^w-  »j*-tj«  J«>««ii  imiw^ 

'  An  I.UV 
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Cvntnry  lu  tli«  nioic  modem  cti!4otn,  \\k  lowtr  i  arbon  in 
(hrh  Uin|>  is  iIk  [xnilivc  caibon.  'Vhv  loolht-d  wIkcIc,  1.', 
sciu/itiii^  Ixilh  nK'k.>,  lui;  on  llie  unic  axu  ami  mme  M  ibc 
same  lime ;  the  brj^cr  wlivel  ilrivcH  ihc  iKKiiiivc  rack.  1  >.  at 
jiitt  iluiibic  the  rjtc  in  ihc  optxiMlc  ditixtioo  to  l)Mt  in  which 
Itii"  smiiUer  wheel  movi-s  ibe  nfj;jli\i;  rack.  As  (be  ptiMllvc 
airbon  burns  iiwiiy  »t  aboiil  doulJc  the  rate  of  the  nct^iiivc 
one,  this  3rTnii{;en)e»l  vnstiie^  tiMt  ibc  {Kwilion  uf  the  ate 
it»elf  §hall  be  a|i(iroximMely  ibe  snino  as  the  carlionH  bum 
away.  Wiihln  Ibc  barrel,  J.',  is  ii  *|itin^  so  cuileil  ihnt  it 
lends  lo  bring  Ibc  tarbons  iQ^ethtrr.  There  is,  however,  a 
itiird  toothed  wheel  on  the  nxb  of  1/  which  b  geared 
llirough  iiilcfmediatc  whecU  to  an  cfHcyclk  go&ring  at  s. 
'I'his  i:|>ic)clic  gc:iTing  i»  cunliolleO  by  a  double  Iniiti  tt 
wheels,  eatii  ending  in  a  star-wltcel  at  0  and  o  res|>ectiv>cly. 
'I'hese  star-wheels  are  controlled  by  a  detcnl,  /,  on  the  end 
of  the  leicr,  T,  so  plated  ibnt  when  lite  lc»vr  i*  in  the 
central  jimilion  the  delenl.  /,  locks  )x>th  starwhci-ls,  arHJ  no 
inti  of  llif  clotkwotk  c;in  niove.  If,  boweicr,  the  lever,  T, 
niot-ea  to  the  right  it  rcleaacs  the  star-wheel,  O,  whilst  still 
holding  fnsl  tlie  wheel,  c.  In  tin-*  i-jse,  the  left  lund 
train  ot  wheels  is  free  lo  move,  allowing  the  s{»ing  in  I.'  lo 
feed  iIh-  carbons  forward.  On  the  other  hand,  tf  the  lever 
T  mot  e.v  to  tlie  left  it  locks  O  and  releaiet  c  tn  this  case 
the  liglit'hand  train  of  wheels,  which  is  diiven  by  a  vcr^' 
powerful  spring  in  ibe  barrel,  L,  moves  and  allows  the  latter 
sjwbig  til  draw  the  carlxins  »\)aa\  ag^iinsl  the  re«si.-ini:e  of 
the  weaker  s|>ciiig  in  I.'. 

ITie    jiosilion    of  the   lever,  T,    therefore,    d         .        i 
whether  the  carbons  shall  bi"  drawn  3|i.-irl,  held 
or  brought  nearer  togclher.     Tlte  lever  jlAclf  is  one  ann   of 
a   beni  icvcr,  whoM  olhei  arms   are   F  .tml    '■       ^   i-   't'c, 
»rai.iturr  of  an  eleLlro-nMi|^oel.  K,  through  wli 
fast's  befoie  ic.T-liint;  tbi-  ■   ■  fi.     ''"  '"  ol  a 

powerful  \\niA\  s]win^.  K.  ..  ■!  fr 
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•leclro-iitaK'^'^'i  ^ud  the  iio&itK^n  of  T  dvpciids  ujiun  whiv:h 
oflbcse  forncs  has  the  gieatcr  tfft-cl.  When  »■>  nirrcttl  ii 
imuing  through  Ihv  Iiiiop,  K  (xilU  'I'  uv«^t  ii>  iht  tiitlit,  and 
Ific  S)nlnj;  ].'  moves  \\\e  <:aTt>»ns  lu^L-thcr  lill  ihcy  touch. 
If  now  the  tialli.-T)'  be  thrown  into  titcuil  a  large  current 
pusses  lhrou(;h  K  .iikI  ihc  shonc-rcuik-d  r.irlwnK,  caUKin^ 
V  to  be  :illra<t«l,  T  l«i  tic  movid  wvcr  Kj  ilie  !.(i,  :ind  ihc 
sprin([  L  lu  draw  t)i«  (.uihunn  ajait,  thus  ^itrikiiig  ibt:  air. 
The  separation  of  the  carbons  causes  the  current  lo 
diminish,  and  for  a  lime  the  aitraeiion  of  F  if  balanced  by 
liif  [>ii]|  of  K,,and  I'  stands  in  tlie  renifal  ]i(»tition,  bckinj; 
liiitli  irainii  of  clockwork.  Hut  as  \\k  cjriwns  Inirn  away 
the  resistance  of  the  arc  iiKreases  and  tlie  curreivt  dimin- 
isiK-B ;  ihc  nttfaction  of  F  is  therefore  weakened  and  T 
is  dragged  onrr  lo  the  right,  allonriv^- 1/  lo  feed  ihc  rariions 
forward  a  little  liil.  As  ihey  ino^e  nearer  TO};elher  ttie 
current  agaui  increases.  ai>d  T  is  dragged  l>ack  to  the 
central  position,  again  locking  both  Iraint.  These  actions 
-ire  coniinnally  repeated,  and  ihiw  tiK-  dtslaiice  of  the 
carbons  ajiart  n  mainiatned  constant  within  narrow  limits 
until  lliey  are  ooiuumed. 

With  fifty  Groves'  or  Uunsen's  cells  this  lamp  gives  a 
steady  and  reliable  Ughi.  but  such  a  iMitlery  is  obviously 
boll)  troublesome  and  e]l|)e^^ivc  to  work. 

In  Ihe&e  days,  when  dynamo  currents  are  usually  avail- 
able, the  Foucau1t-I>ubo«ii  and  Seirin  lamj^  arc  chiefly  of 
historical  interest,  though  they  can  still  be  used  where  only 
a  single  lamp  is  reijuircd.  Another  variety  of  an;  lamjii, 
rentaikablc  for  ils  simplicity,  W,  at  ibe  present  time,  still 
more  completely  historical,  though  more  recently  dcveloited. 
This  is  the  .lo-r.nlled  EleCtrlc  OaQdle,  inveoli'd  h\  Paul 
J.ibltH^hkoJT  in  1S7O.  Till;  (undli'  (unsi-^^ts  of  tHo  carbon 
pencils,  a  and  (•  (Kig.  951),  from  onc-fourih  to  one-eighth 
of  an  inch  in  dianMl^-r,  and  st^'paraled  Ihruughoiil  Iheir 
length   by  an  insubling  and  refractory  substanci-,  usually 
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coDsisiing  of  ciiual  |nns  of  plaster  uf  Vaxif,  iinO  heavy  b|i 
1'hc  jicncils  arc  fixed  in  suitable  holders,  <  and  g,  which  ar« 
connected  Id  tcrniioals  tbiQugh  wtiicli  (he  rctjuisilf  currcttt 
is  supplied.  'I'o  «tan  th«  arc  a  small  piccv  of  gnfdiiie  ot 
ulhvT  iiiiitaiilo  iiialcriiil,  e,  is  \*\<i  .icitkis  t)i«  (ip»  t>f  (he 
jicocils  at  tlic  i"i>  end,  and  is  held  in  ]K»itiiin  by  a  ImimI  uf 

|Mi|jL-r  Of  Asbestos,  if. 
Whrti  tHe  cum-nt  «  first 
titiTifd  on  this  conncciin^ 
I'iirtc  soon  dtiappcATS,  and 
the  arc  is  lt:fi  playtng 
iK-iwixn  the  cafi)un  (wliiu. 
'\'\ve  in«til.itin^  ituicriiil 
Iwivrftii  iW  ininilv  burns 
away,  or,  talher,  vols* 
tt!i-^' •■;,  at  lite  same  rate  a& 
:i  L  '  .iitxms,  and  thus  the 
t.tiidk'  IS  i^rjdunlly  con 
kuiiH-d.  ]k-C4ii5i:  <A  llie 
ditfercnce  in  the  rate  of 
burnii^  of  the  positive 
B^^_  gr^  and    ncgatitx-  cxrlxins    in 

^T^l   '/jV  the      iirdiiury     a«:,     tlie 

JAw/  Jahlo<-hk<>ft     candle    has 

^^Mf  to  he  supi'liud  with  allem- 

■■  aic  currents,  so  that  va<h 

poattivi;  and  negalive,  shall 
bum  away  at  tlic  same  rale.  All  attempts  to  devise  candles 
to  be  fed  with  continuous  cuirents  hjvc  failed. 

\Vildc  Janiin.  and  others  Iwvc  also  designed  arc  lamps 
oD  i\k  f/t.iri't- aiiu//f  principle,  hut  hith«nu  the^c  luive  not 
proved  cither  nt  vconomicjl  or  as  steady  as  a  wellregulaied 
modern  an-  lamp.  \Vc  therefore  pass  at  oni^  to  tbe 
de!K-Ti|>tion  ufa  lypiul  fumi  oltlie  biler. 


Af,H*KKH    AkC    LaHI'S.  si** 
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One  of  the  most  wiildy  umH  arc  Utnp«  jj  tlial  mnnu- 
fiictured  by  the  Brush  F.leitri<-.-il  Kngiru-i'^rinjj  Coa^Kiny. 
Originally  dcsiRn^d  I*)-  ^f  r.  C.  F.  Brush,  of  Cleveland,  ti  lias 
been  frotn  tiin«  ro  lime  inipro\-ed  in  small  d«iail!i,  and  is 
now  a  rcnurk.ibly  steady  lamp.  The  working  pjim  of  Ihc 
most  recent  furm.  as  used  in  l^ngbnd,  arc  shown  in  I-'igs. 
251  to  3$^.      Fig.  351  »  K  {Mnpcctiw  view,  «iih  the  ttrmi 

<:over  and  one  of 
the  large  solenoids 
removed,  Ihe 
hrtter  10  show  ihc 
nierhanism,  olh«r 
ilHjils  of  which 
<wi    Iw    Kcen    in 

Fig.  *Si,  wl"ch 
shou-s  Ihc  lantp  as 
stx-n  from  lh<r 
back,  and  Fig-  254, 
which  is  a  side 
section  through 
one  of  the  catt>on 
rods.  As  in  Oie 
majority  of  mod- 
em arc  UmjM, 
Ihe  driving  force 
which  lends  to 
brii^  iIk  cirbon.i  together,  is  the  weight  of  the  ttpjKr 
carlwn  and  its  holder.  Thus,  wlten  no  eiirtent  is  passing 
through  the  1am|>  the  carboni  tun  together  anti  rcxt 
against  onv  annther.  On  Ihe  current  [Kissing,  citltcr  one  or 
both  rartKfns  ate  drawn  ajwrt  l>y  ihc  action  of  an  eleclro- 
map;Rct,  and  then  as  the  carbons  bum  away  ihcy  are  auto- 
roaiicilly  allonrcd  to  apjwonch  slowly,  under  ihe  action  of 
some  form  of  <'kTlriimaiinetii*  ronttol. 

Tlie  t-arintis  bin]n  differ  fn>m  ivk  another  chieflv   in 
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tile  way  in  whkh  ihe  movemenls  of  ihc  armatures  of  the 
dccim  inaKnt.-ts  .-irc  tfnnsmitlcd  (o  and  afTcirt  tlic  cnihon 
holdcrt.  The  Hnish  liiufi  in  vhiU  i»  known  as  a  "  clulch  " 
lamp — itiat  Lt,  (he  clcnro-iiui^iK-iK  uct  on  the  carbon  wiM 
through  tltc  medium  of  a  <:tiiich.  Tliis  clitlcli  is  shown 
separately  in  (he  lower  (art  of  Fi(t  ^%^.  Tl  is  remarluibly 
simple  and  consiils  merely  of  a  Ib^  rin^.  or  washer,  as  it  is 
called,  which  sur- 
rounds the  brasf 
rod  which  carries 
the  eiirbon,  and 
when  1)ing  lli>l  <'ii 
the  iHue  plate  of 
the  btup  allo«-fi 
the  rv<]  10  tlip 
through  ijuitc  eas- 
ily. Thelam|>n-e 
are  dcscHhin};  i^  a 
"  double  carbon  " 
\axx\\\  and  there- 
fore, in  l-ig.  J53, 
No  rods  are 
shown,  each  xur- 
rounded  l)y  a 
washer.  Tlicac 
washers  can  be 
tilted  by  the  rc<:tangnlar»}ia[>ed  piece  of  brass  which  lica 
between  ibctit,  and  whieh  has  projections  wliich  pass  a 
lillle  way  under  the  washcis.  On  being  tilled,  I  In- washers 
grip  the  rods  lirroly.  and  when  fiirtliec  raised  bodily  lift 
them  lip.  It  will  bi-  noticed  ihai  ilie  projeciion  on  the 
rijjht-hand  wde  w  thicker  than  that  on  the  left,  and 
therefore  the  ri^hthand  washer  is  titled  firM,  "hen  the 
rccttingic  is  raised  by  tli«  cleitroinatinci.  'I'he  i.-(rn-t 
of  this   is  to   separate   thi;   ■:arlKin9   on    the    right-hand 


111.  >54.'-S1i1d  S*cti<>no1'Btul•l-aln^ 


5" 


TV/A'  BlKCritK  Ct'SKK.VT. 


side  first,  in  whii-li  vanf  no  an;  is  sUut^  on  lha(  Kiitc, 
as  ih(-  tirciiil  in  not  bmkcn.  lu-ing  %iitl  iDrnplciMl  Ihrntigh 
the  other  (.'iirbont.  Immcdi-itcly  aftt'ni-aid.t  lh<:  carbon*  on 
the  kfi  an;  !ii-i»rat«d  and  the  an  m  stnjck. 

The  iLiiangular  cross-pitct-  is  conn^tlt-d  by  lewrs, 
which  can  bir  ttiiccd  in  the  AgureK,  wiih  iho  amiaturc  B 
(Flg^  154)  of  thv  large  L-lniro- magnets  at  the  front  of  the 
laiii|>:  K  h  ntLii:ht-d  crosswi.4e  10  thi-  rnovahk-  votva  >if  the 
solenoids,  and  iht  wtighi  of  tlii'sc  t?orii  and  the  annatutc 
it  ihii'ily  boniu  \iy  the  sirring  C.  Thi:  Bok-noid«  art  wourwl 
with  two  I  iT<  tiiist  oni-  «f  thick  win-,  wliich  is  placi-d  in  K-riL-s 
with  the  carbons,  and  ihv  other  of  fine  wirr,  |»larc-d  an  » 
shunt  acroM  iht-  tarlions.  The  curri-ots  ijrcubtp  in  ojijiosiic 
diro lions  in  tht-w:  two  cin  nils,  »>  iluu  their  nugmiic  t-fTi-its 
iL-nd  to  neutralise  each  other.  The  jiarlicubr  kind  of 
clectro-niagDCt  used  has  been  alrcidy  described  (page  167). 

\Vhi.-n  the  furrt-nt  is  first  turned  on,  tht^  larbons  are 
lourhin}!;  one  nnoiher,  and  there  can  tie  very  little  IM>. 
bi-twL'un  them.  Thus,  a  full  eurrcni  Dows  through  ilic  thick 
wire  ein^uit  and  )>ra«:licnll);  none  through  the  thin.  The 
effwi  of  thi).  is  to  draw  up  ihi-  armaluri-  and  strike  the 
ar<-  belwei-n  one  jnir  of  cjrbonii  iu  i)m-  manner  alrttady 
explained. 

Uiit  as  Moon  ax  the  are  is  struck  there  is  a  ronsideTable 
I'.D.  st-t  up  bciwetfn  the  earhons,  and  an  apiweriabh- cuncnl 
flows  t)iroii|;h  tin-  ihin  wire  i-in^uit,  weakininf;  the  pull 
on  the  armature  and  lowering  it.  As  the  are  lengthens,  the 
ctirrcnt  in  the  thin  wire  rin;utt  gels  greater  and  }[ruatcr, 
until  th>^  anuaiurc  is  so  far  lowered  that  (he  washer  allows 
the  rod  to  slip  through  a  hllte  and  bring  the  carbons  nearer 
together.  Ak  soon  as.  this  happens  the  run<-ni  illminisitcs 
in  ihe  ^hunt  lireuii,  llh-  armature  is  hfieil,  and  the  naahtrr 
again  giips  iIk  rod  flintly.  'Iliese  moteinents  allematc,  and 
(he  (arlwn,  as  ii  burns  away,  i  rward  in  iif 

alntott  imperceptible  jerks,  »«r  ,      i). 
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irots,"  which  can  Ix;  sctn  at  A  in  Fig,  i$\,  arc  finwi  both  to 
the  up[>cr  ends  of  (he  larbon  rods  .md  also  to  ihe  niinnturt.'. 
B.  These  "(Ush-|iou"  consiKt  or  oyliiiden  filW  with  oil, 
glyccrini^,  or  wniet,  and  having  [lisions  aliaihed  lo  fixed 
rods  fitting  luosL'ly  in  ihein.  '\'i\c  (fiction  of  ihc  litjuid 
BH  it  jussi's  the  piston  thus  tends  to  rcLiid  sny  sudden 
inovnnent  of  the  cj  Imilcr. 

^VI)cn  th«  (oibuns  on  tht  kfl  hat-e  ni.-arly  burnt  out,  the 
furlhi-r  "  feed  "  is  Jirresicd  by  .1  «o|i,  and  the  arf  then  soon 
{{ovs'otK.  As  soon  as  this  liapjicns,  tbc  caibonsonthc  right, 
whti'h  have  bix'n  held  apart  all  (hv  urhtU.-,  nm  togcthcT,  and 
then  tin;  Ml.'  i» 
struck  on  that 
sidu  and  con- 
tinues to  burn 
until  Ihey  a1»o  an.- 
consumed.  In  this 
way  the-  lamp  irill 
bum  about  six- 
teen Iioun  with- 
out the  <:arbons 
bcii%  ri-nc«'i.-d. 

In^ti-ad  of  de- 
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sdibiiig  the  lonicuUi  circuits  of  th<;  Brush  lamp  wf  shall 
give  a  general  diagram,  applicable  to  all  arc  bnips.  which 
arc  to  be  run  in  "scries"  with  other  lamps,  in  a  circuit 
in  which  the  cuireni  w  always  the  same,  however  many 
lampsare  burning.  The  necessary  connections  of  the  circuits 
for  «ich  lamiK  aa-  shown  in  Fij;.  155,  which  is  due  to  Df. 
S.  P.  Thomi)son.  The  curreni,  cnleriiig  at  the  terminal 
marked  +,  divi<k;s  into  two  pans  ;  one  pan  lasscs  through 
ilie  line  wire  coil  of  an  cl^-ctro- magnet  marked  "feed,"  and 
tlic  odier  through  a  thick  wire  coil  of  an  elei-tto-magnct 
marked  "strike,"  and  then  through  the  arc.  Both  currents 
le-onilc  at  the  negative  terminal  (— ).  The  two  coib  may 
11  u 
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citlicT  be  n'oiin(l"()irr(.'rui»u-tlly  "  on  the  same  clc(-tro-nm|tnct 
n>  ill  iIk-  Itnish  hra\i  jiHi  tltrK-ribcd,  or  itwy  iiU)'  ocluatc 
cntirdy  <ti*linn  magnets,  om-  ut  which  b  fcinived  fw 
" sirikinjt."  and  ilir  dtliir  for  "  feeding "  )mi)>osn. 

'I'lic  oilier  L'ircuits  shown  in  ihc  u]>|ii-r  |uiii  of  x\k  figure 
belong  to  ihc  "automatic  (lit  nut,"  the  olijcirt  of  whtdt  is 
lo  piuvidt.-  a  luth  forihi:  riinciil  ]).i!it  ihe  l.iinj).  in  the  ev<;ni 
of  anjlhini;  hajipening  to  the  wofkini;  |>iit&  whkh  Mould 
otlicrwi^;  stop  thu  current.  It  consists  of  «  fine  wire  high- 
Teiii»ian<'c  eloijlro-nui^nci,  alnays  in  i  in;ui(,  with  t)ie  itveni 
at  one  imini  imK^ing  ihtoiigh  a  m(ivjt>lc  armature,  a.  If 
tb<!  mnin  current  thtough  the  carbonB  be  inlemiplcd,  ihe 
ciirreni  In  thin  fu\c  wiru  circuit  at  once  rist-s  tuflSctenlly  tu 
attract  ilie  armatiiie,  a,  against  the  Ivft-hAnd  cuniaci,  which 
puts  a  rcsiit-intc  and  the  thick  wire  «yil  of  the  saiiw  eJcctn>- 
magnet  into  circuit.  This  cull  holds  the  coRta<:t  hard 
over,  and  the  main  current  now  juuses  llirouj^h  it  tu  the 
other  lamps  of  the  circuit  Kiihout  interruiiiion.  lo  the 
Kitish  lamp  the  two  cut-out  coils  arc  wo;md  on  (Ik  magnet 
l>  (Fig.  154).  below  which  can  be  seen  the  contacts  of  the 
movable  tongue  or  armature. 

The  mechinical  devices  employed  in  different  lamps  la 
olriain  a  steady  feed  cuctly  equal  to  ilie  rate  of  con- 
sumption of  the  carbons  arc  vct)-  numerous.  In  many 
lamps  some  form  of  clutch  arrangement  is  uited,  tlie  deiaih, 
however,  differing  widely  from  the  clutch  u&cd  in  the 
Brush  tamp.  In  pitticutar,  a  magnetic  clutch  is  u«cd  in 
tlie  (lulcheT  lantp,  nhtrh  is  birgely  u^cd  for  running  in 
parallel  with  glow  laiiipA.  liven  another  large  class  uf 
eMrellcni  liim|ie,  including  Ihi;  lirockic  •  Pell  and  th« 
Cromjiton,  uses  some  form  of  brake  wheel  control.  In  Ihen: 
the  earl>ons  can  only  dexend  when  a  wheel  ii  allowed  to 
turn,  anil   the  electro  mag  net  ic   •  ts  upon  a  >kid 

or  brake  applied  lo  the  circumfciii.  I,     Unod 

UtniM  uf  this  clasK  are  reinarl^.-!'  tinin. 
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in  a  itiudi  Icsi  niimeroiM  cIu-m,  ilie  r3rbijn.t  are  moved  by 
llic  armature  of  an  elixtric  motor,  whose  working  is  ron- 
itollcd  by  the  ic&isiance  of  the  arc.  Many  oiher  <)tvi<.-cs 
■arc  used  which  wc  cjinnut  even  eniiitieTaie,  hut  iiruUihly 
the  one  cuntplc  irc  have  detcrihed  in  deutl  mill  enable 
our  readert  l»  understand  the  general  principles  involved  in 
the  design  or  a  good  modern  arc  Ump. 

At  one  Itnvc  great  results  wen;  cxpcited  from  a  class 
of  lumps  whii'h  were  jiartly  arr  lalnp^  and  (Ktrtly  incan- 
descent. In  these  the  electric  arc  was  made  lo  Jilay  ac-ro&s 
the  iaix  of  a  ])iece  of  marble  or  other  refractory  material, 
which  it  raised  to  l>tilliani  incandescence.  The  HkIu 
emitted  is,  on  the  whale,  much  softer  ,iml  melluHcr  ihan 
that  due  to  tin-  arc  alone.  Hut  ihc  resulu  ko  far  have  not 
fullillcd  the  hopes  raised.  The  light  is  not  easily  kept 
steady,  and.  as  rom|iated  with  good  arc  I;uii]t»,  these  "  scmi- 
incandcscent "  tampa  are  not  so  econouiiial,  as  tliey  retiiiire 
a  greater  cKpcnditure  of  energy  to  give  the  same  intensily 
of  light. 

Street  Lighting.  -The  use  of  arc  binps  ii,  whliout 
doubt,  the  mo:'i  clTi'-iive  method  of  attificiatly  illuntinaiiag 
streets,  railway  stations,  and  large  spaces,  cither  indoors  or 
out  in  thv  open.  The  artangemcnt  of  the  cicclrical  circuits 
is  very  simple.  Altliough  the  arc  Um[)s  <an  be  run  in 
parallel  with  glow  lamps  off  constant  potential  mains,  it  is 
niorc  satisfactory,  where  a  number  are  being  used,  to  place 
them  in  simple  serict  and  supply  Ihcm  with  current  from 
a  dyiiamo  automatically  cuntiollcd  to  ^ive  a  constant  current 
of,  say,  ten  am|>btes  within  certain  wide  limits  of  [wessure. 
ttlwrc  altemjie  hiyh  pressure  currents  are  employed,  a 
smjill  transtomK-T,  Bvcd  to  the  liinip-|>o»t  or  placed  above 
the  meelianisin  of  the  lamp,  will  supply  the  jitoper  current. 
In  tlie  lighting  of  the  City  of  London,  tlMrse  transformers 
arc  fixed  in  the  baK  of  the  lamp-post,  where  their  presence 
raiinot  be  noticed. 
II 11  J 
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Physics  of  the  Electric  Arc-— An  examination  of  ihe 
phenonR-n.i  displayed  in  tlic  clfclrif  ntc  ivvtals sev'ctal  most 
iniercsling  and  luamifiil  jirobWrns,  to  which  wl-  can  liiit 
briefly  alliidi'. 

In  ihv  first  i>la<'v,  unless  th<r electric  |(r»siifcl>etwc«nihc 
r.irl)oni  Ijc  U-pl  nt  t$  volts  orniorv,  iht  arr  rannot  be  nutin- 
t^im^d.  Kvin  with  ihi*  IM>.  ih^-  nrr  hiEw-s  wrylotidlj-,  and 
t-annoi  be  bruughi  to  mUth  ■.•  tiiik-w  the  I*.  I  J.  is  raisi-^i  to  about 
3S  volts.  To  in\-c3tigai<:  iIm;  ctiioe  o(  tha,  raicfiil  ineuuro- 
inrnis  liBVe  beoi  made  of  the  ratio  of  the  P.li.  to  thu 
rurrc-ni  for  ditlif  nt  Icnglhii  of  arc.  This  ratio  would,  by 
Ohm'i  law,  be  tlic^  rcmianix-of  tlti-an,  if  ihi' lalli-rhehuvrt] 
dw  tr.V-ally,  aa  an  onlinary  <'on(loi-lor.  On  an  exatiiiniitioo 
of  the  results,  howvm,  it  b  found  that  the  KK-alkd 
rcsislantf  can  k-  dividid  into  ta-o  pans,  one  of  which 
dejiendK  on  the  kngth  of  the  ar<',  n-htl.it  ihi^  olh<;r  is  i-onstaot. 
The  existence  of  this  last  term  tan  only  Ik  explamed  by 
stippoMnf  that  ihtTe  is  a  back  E.M.F.  in  Iho  arc  similar 
to  ihc  back  l^.M.I-'.  we  nn.-et  with  in  a  voltameter.  This 
suppoailion  has  1>L-en  i-onfirniid  \ry  other  t-xix-riments.  'Ilic 
chief  diffitutiy  in  awcpling  it  is  the  hij;h  voltage  involved ; 
for  the  "  sik-nt  arc  "  this  is  as  much  as  33  to  ^5  volts,  and 
in  no  oih<.T  diiedion  do  w  Rnd  chemi^'al  or  physical 
changes  ca|>abk'  of  giving  more  than  3  or  4  volti. 

As  bearing  on  this  question,  it  is  a  tnaiter  o(  eommtfn 
Vnowledgi-  that  vritli  continuous  currents  th<:  |>oEitin-  carbon 
is  muth  brighter  than  th«  nt-galive.  Mote  esari  obsenv- 
ttonit  have  »huwi)  that  tht-  iniiinsic  bt{}ihint-s.i  of  ihi^  (xniiivc 
mrbon  ts  always  tlic  samt.-,  so  much  so  th-<i  n  h.is  been 
l»oposed  to  UK  it  as  a  standard  of  light  he  Dirt 

that  the  luightm-^s  is  aln-ays  the  same  >  ■n 

Icmperaturr-,  and  atlem[it!i  have  been  n>  iis 

UrmiHrratuTc.      Bui    if   the    ttniptraiu' 
constancy  must   be  dUc  to  some  p) 
place,    'hius.  We  kiMjw  that  tht  temj 
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ifi  constant  at  o"  C-,  and  thai  ihc  lvf»))ciaiurc  of  wali-r 
boiling  unUur  ordinary  prt-sstirc  is  tonsiam  ai  loo'  C  Uy 
analogy  wc  an-  k-ii  to  infc-r  thsi  the  change  taking  iilacc  at 
the  positive  crater  i»  thv  -.vlmi/isatwn  f/(art^n,  and  that  ihc 
baiJc  E.M.K.  set  up  imIuu  to  iht:  Ititenl  AtJI  e/ it-ifiiurisafMi 
of  carbon. 

Thi:  rcriison  Tor  xhe  lower  li.nk  l{.M.b'.  of  [he  hissing  arc 
is  tiol  niiiii^  so  obvuxit.  It  i*  always  a  vtry  *hon  arc,  and 
thi;  nL-^aiivt;  citbun  is  brighter  titan  in  a  lon^-  an:.  Il  M-cnii 
probal}Iu  that  then-  is  a  (.ondcnsation  of  r!ail>an  vapotir, 
drawn  froat  ibc  positive  i-arbon,  on  the  ni'g'"'*'''  taiboii. 
In  this  vondi-nsation  some-  of  tin-  i-in.fpy  absorbi-kl  in 
vapokiiUalion  al  the  positive  i-iirLon  iroiild  be  n-Klored  to 
the  cirojit,  and  the  nut  uncrgy  absorbed  in  vapourisacton 
diminished,  leading  to  a  lowering  of  t>u-  liock  K.M.F. 

The  high  (u-injierature  of  thv  carbons  also  ai'xnuntt 
for  the  smatl  amount  of  combination  of  the  carbon  with  ihe 
oxygen  of  the  surrounding  air.  Il  is  a  well-known  chemical 
fact  that,  at  high  l«m[x  rat  ores,  <-oni[>aunds  bwxune  di»o- 
ciaied  into  their  ek-monts,  or,  in  other  words,  many  (hcniiedl 
combinations  cJimol  take  place  at  all  at  high  temperatures. 
If,  therefore,  as  seems  cettaio,  the  tempcrawre  of  the  arc  is 
above  the  dissneiation  lempentiire  of  carbon  monoxide,  no 
combination  of  t'arbon  with  oxygen  I'an  lake  pl3<T  in  the 
arc  itself  Combinanon  can  only  take  place  as  the  slowly  vola- 
tilised carbon  vapour  reaches  the  cooler  regions  in  the  vicinity. 

Not  only  is  a  iDimmum  P.D.  required  to  actuate  an  arc 
Ump,  but  it  i:t  aW  found  im]>09iStble  to  make  an  an  lamp 
Inirn  wiili  K-j.i  than  a  certain  current.  Two  or  three  ani|ier<-s 
Seen)  to  bt-  absohiicly  nc-cessary.  It  appears  lo  be  impossible 
SO  lo  adjust  the  vxcns  of  the  I'.L).  of  the  carbons  over  the 
back  I--K1- 1-',  of  the  arc  thai  the  ratio  of  this  excess  to  the 
real  rcsisiam  c  will  give  a  small  ciurcni.  l"hc  heating  etifc«:t 
of  the  large  cuircni  on  the  actual  n-tisiatKc  is  probably  the 
KSaOK  ot  lite  diffu:ulty. 
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Wc  cannot  conc^ludc  this  |inn  or  nur  giiltjeii  wuhoul  dc- 
si'iibing  nil  oxjK'riini-ni  l>y  l>r.  Mi-ining.  in  which  ht-  &hotrs 
that  the  "  l^i^oii  KfT<-ii  "  (w  \agv  ,196)  in  ^ny  \Mn\n  h 
rrpmcnted  by  an  annlogous  elTe<:t  in  an-  \am\n.  THe 
armn^-meiil  or  the  ;i|i|Kirjliis  is  sliown  in  Fitt-  156.  An  idir 
dis'iroile,  in  this  caM:  a  third  ta'lwn,  is  >ntr»dii''i.-<l  inln  tlw  are, 
and  rcprL-scnis  itic  m<.-t.i)li(;  pbli-  in  ibcglow  Ini)i|>cii|(cnm<:tti. 
The- imrodiiclion  \>i  this  idtc  «l«.ln)di.-  on  be  nmrt^'  ea.'vily 
effeclcd  if  the  art  Ix-  rt:pcllc<i  t«  one  sidi-  l>y  the  xtioii  of  a 

magnd,  as  shown  in  ihr 
figure.  'I'hc  third  carbon 
is  conneciiKl  to  a  gdvano* 
mctci,  an<l  on  joining  the 
utbL-r  letminal  nf  the  gaV 
vanomeler  to  th<:  ni^tive 
carbon,  no  ■--urTeni  <3n  be 
dcUxrtcd.  But  on  joining 
tbc  Kii-ond  tL-rminal  of  the 
galmnomeicr  to  the  posl- 
lire  carbon  a  strong  furrCitl 
is  observed,  and  tlus 
ciinvnt  can  be  made  to 
Fii.  .,J.-D.^l>Jn^»v.  K^i«i«>«  -ai-    ring  an  elc,:tri<-  bell,  or  light 

a  small  glow  bnip.  As  fn 
the  gtow  lamp,  so  in  the  arc,  ibere  seems  to  be  a  stream  of 
ncgaiivcly  charged  ntoteciilcs  from  tin:  negative  elcitrode. 
'Ibi-re  are,  titKloiiblcdIy,  whim;  inlwesting  untolvctl  iiroblenH 
connected  with  both  these  methods  ofaitifiml  illumin.iiion. 

Phoiximetrv. 

We  have  now  dcscribi--d  llie  appliances  imi!  for  produc- 
ing artificial  illumination  by  means  of  the  electric  current. 
Bui,  connected  with  the  subject,  oihI  jx-rhaps  of  even  greaiet 
interest  to  some  of  our  readcrt,  h  xhv  ti<  4 

amotint  of  light  obtained,  and  how  i" 


nuMsiiri-d.  This  is  hI!  ihi-  more  iie^cHsaiy,  as  even  ."imwijist 
th<Mti  who  should  know  txllcr,  wild  sialcmcnts  arc  nficn- 
tinivs  iDndv.  Thus  iitt'  InnipK  liiive  l>ci-n  sold  ss  1.000 
camJlv-itonvT  l;iiii|>s,  wliicli,  nhi-ii  Ininiing  iin<l<:r  llio  Iwnt 
conditions,  do  not  emit  a  Itglil  ci|iia1  to  tlut  of  i,oco 
caiidk'9.  Nor  arc  llw  "electric  light  men"  the  only 
olTcndcfs  in  ihi*  rcsjiett ;  gas  jir'HliR'crs  arc  vwn  worse,  for 
the  |)hr.isc  "  20  camlk'iiower  gxi"  has  link-  nn-anin^  for 
the  ordinary  coD&umei,  who,  with  ihc  ap[)liaiHi-s  he  uses, 
seldom  gets  out  of  it  n  light  equal  o  that  nf  5  or  ti  candles 
per  burner.  A  sli^lil  digrctsion  on  Ihc  subject  of  Photo- 
metry, or  •'  Mcasiircntent  of  I-ighl,"  n)ay  therefore  tic  more 
thou  iiileroHing. 

In  order  toeslimale  the  ^tilue  of  any  nitificinl  ilbininani 
it  is  obviously  of  primary  inipoitanee  (h.it  wc  should  be  able 
to  incftsuie  the  amount  of  light  emitted  iii  lerniK  of  sume 
unit  The  pro!»Icni  is  a  twofold  one :  we  have  first  10 
select  a  sMndnril  with  whkh  wc  can  com[jare  the  light  or 
the  illumination,  arid  then  we  have  to  devise  suitable  means 
f'jr  making  the  comparison. 

Of  ihcK.-  ihe  most  difficult  is  the  selection  of  3  uiis- 
factor)'  standard  source  of  light,  which  can  not  only  be 
easily  produced,  but  can  be  relied  upon  at  all  time^  to  emit 
a  definite  amo«i>l  of  lighu  'ITie  standard  adopted  by  Act 
of  I'arl'amenl  in  this  country  is  ihc  sperm  candle,  so  made 
as  to  bum  1 10  grains  of  iiwrniaocii  jier  hour.  ThiH  standard 
is  by  DO  means  constant :  dilTcrcnt  caudles,  all  toiiMructed 
so  as  to  satisfy  the  rctjuircments  of  the  Act.  may  vary  ax 
much  as  15  jHT  cent  in  the  light  emitted.  In  France  tbc 
CarccI  buriKT,  a  fonn  (pf  oil  lamp,  is  used ;  for  standard 
|)uq>o«es  tlie  wick  must  be  of  1  'i  inches  diameter,  and  con- 
siune  I  -48  ounces  of  purified  rajie  oil  per  hour ;  the  tiante 
abo  must  be  adjured  lo  a  height  of  16  inches.  The  light 
giveti  is  e'|<ral  to  that  of  about  <j'(>  standard  candles. 

tn   iSSi  a  Parliamentary  Committee  reported  on  the 
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(l(^fcctB  of  the  ^uind.itil  cantllc,  and  bvourably  mL-nii(mc 
lli«-  "|jcri.inc"'  ^undard,  (Ii'visetl  Ity  A.  Vernon  Il.-iritiun. 
Ttiv  apiiar.,-itus  for  [irfidiidng  tlii»  Mandard  is  sho«ii  in  l-'ii;. 
357,  And  IK  the  aiilcnmc  of  a  lony 
series  of  expcf imcnts.  The  fuel  burnt 
is  pure  pcntanc,  whirh  is  n  patalHn 
having  ihc  fumiiiUCViI|„and  boiling 
ni  3^''  C  Th\»  b  comnincd  in  itic 
Inwer  (lait  of  ihe  Iatn|>,  u'liti:)i  rettem- 
Mcs  an  Ofdiiiai)'  parafliit  lam|i,  cxcc|(l 
ibat  it  is  provided  wilh  Icvcllin]; 
sirens.  I'he  oil  |iAs.tL-x  up  ihroufc'h  a 
wick,  viliich  ends  ai  ihe  lower  [»«,  a, 
of  a  incial  luhc,  open  top  and  boMom. 
Whin  the  lamp  is  being  used  this  tube 
is  hot,  and  vapourbeit  the  iientane  as  it 
Tca(?hes  (he  l<^  of  the  vrick.  The 
pcmanc  vapour  passes  op  the  tube, 
and  ix  ignited  at  the  lop  end,  close 
to  i.  The  actual  lube  is  not  seen  in 
thi*  figuie,  as  it  is  cnclooeil  by  two 
other  lubes,  the  outer  of  which  ix 
namiwed  at  the  top  end,  A  This 
outer  lube  alxo  carries  (he  upper  metal 
cbiiniicy,  n',  whose  height  can  be  ad- 
justed by  wrews  and  slots  on  the  carr)-- 
ing  arms,  so  thai  the  ga]>,  <*,  can  be 
nude  of  any  desired  width.  It  in  in 
*  this  gap  that  the  part  of  the  flante 
used  foi  pboiorocter  work  appears. 
Two  adjustments  arc  necessary.  First  the  total  height  of 
the  flame  must  he  such  that  its  top  can  be  seen  between 

two  slots,  almut  half  an  loili  '■'■■'■    '<■■:  r' r  r  chimney 

And,  secondly,  the  gap,  r,  mu-  '!i      I'o  fix 

the  latter  gauges  arc  supplii*'  '  Ughi  <,>(  one 
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candlc-ponrcr  l}cing  shown  si  the  ^\Ak,  nurki.-<J  "tandle. 
To  siarl  tlu-  lamp  th«  outer  j-ukeu  of  tlif  lower  lubc  have 
to  1>e  rt-inovt-d.  »n<l  this  lowei  lubc  wormetl,  so  that  it  un 
va|><)urisc  Ihc  {iL'tiiane. 

Many  cxpciimcnU  with  this  bmj)  h.ivc  shown  that,  «  heii 
.1  few  nctrtsnry  iind  simple  [neiaiitioii*  »re  nljMned.  Ihc 
light  ^milled  ran  be  relicil  U(ion  with  u  jiroliablc  error  of 
less  than  one  |>cr  rvnt. 

Other  Mandaids  have  been  proposed  lo  lepbce  the 
unsatisfa<:toi>'  "candle."  For  instAnce,  the  Congreaa  of 
Kkciriciaiu,  at  Caris,  in  1881,  decided  that  the  standard  of 
li^ht  iliould  bt^  the  light  entitled  by  a  »)uatc  tcntimetie  of 
platinum,  just   before   it  fuses.      This  sinitdard,  however. 


"? 


—  -   1-     -     ■     T- 


it  obviously  difltcult  to  (irocure,  though  M.  \'iollc  h.X's 
designed  an  apparatus  for  producing  it,  the  |>latiRum  foil 
used  Winn  Iieate<l  by  an  elwlric  current.  The  hght  ciniucd 
i*  rather  !cs»  than  that  of  l»i>  avcmge  standard  candles. 

The  seix>nd  bianeh  of  pbotonicti}-  i.~»nsi.sts  in  the  com- 
parison of  the  light  under  examination  Kith  iho  slandaid 
li(|hL  'Hie  general  i)lan  ts  to  so  place  the  mo  lights  to  lie 
compared  ih-tl  ibej'  produce  Liiu:d  illuinitminn  on  a  given 
screen.  The  incibods  of  dctei mining  mlicn  the  it luriti nations 
due  to  the  two  lijthis  become  c«]iial  are  vciy  various,  ainl 
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some  ui  ihcui  arc  com]iliiiimI.  Otw  of  ilte  t.iii)|>lm  is  ilial 
somewhat  diagranimnlk-Jtlly  depicted  in  Kig.  is^>  ")i>*^'h 
repri'scnU  a  Torn)  of  photomeier  dcviwd  hy  Runifnrd.  A 
blAckened  rylimlikal  stkk  is  scl  ti|>  in  /ront  of  a  m  i^tii  wtili 
ii  dead  ithiie  surfacn--  fm oxnn>|il<-,  ii  Mirfaic of  white  lilolting 
paper.  I'he  lighis  [o  be  compared  are  pbred  on  (he  udo 
of  the  Mli<:k  remote  from  the  M'recii,  in  surh  positions  that 
they  throw  on  the  screen  two  shadon-s  niongsidc-  one  anotliet. 
In  practice  ttic  shadows  nic  arranged  so  ns  not  to  overlap. 
l>u(  jURt  louL-h.  Now  it  is  c^'ident  that  one  of  ihcte  shadow* 
b  illuminated  by  one  lij^lit  only,  and  the  other  by  (he  other 
lifthL  As  they  arc  alongside  they  are  in  a  i^otA  |xyution  for 
determining  when  ihey  are  njually  bri^^ht  or  dark.  One  of 
(he  lights  is  moved  to  and  fro,  until  the  obsciTer  considers 
that  he  has  obtained  ihts  c{Iei;L  He  then  mcaKiircH  the 
distances  of  the  tiro  tights  from  the  s/reen  (the  position  of 
the  Slick  does  not  enter  into  the  calculstion),  and  takes  the 
relative  intensities  to  be  proportional  to  the  Sfuam  of  th«e 
diaUnceK,  accordin){  to  a  well-known  law  in  0|>li('J(. 

Two  difiictilties  presetit  thentseb%s  in  practice.  Firsi. 
if  live  lights  are  of  very  difTcrent  colour — for  instance,  an  arc 
lamp  and  a  candle— it  is  almost  impossible  to  e.iy  definitely 
when  tlu:  two  shadows  arc  niuiilly  dail:.  An  aiienipt  b 
made  to  }{ct  0v<r  the  diffifulty  by  esainining  the  shadijwt 
through  coloured  glasses,  but  this  only  i-iut)lei  the  rcbtivc 
intensities  to  be  compared  as  regards  the  kind  of  light 
transmitted  by  the  particular  coloured  glass  used. 

Scwmdly,  if  the  two  lights  diflcr  grc.illy  in  '--indle(>«wtr, 
one  mu.tt  be  pla<:ed  at  an  inconvi-nienily  great  distance. 
Kur  irutant-c,  in  comparing  an  arc  lamp  of  1,600  candle- 
power  directly  u-iih  a  standard  candle,  the  aro  lamp  must  be 
forty  times  fuithcr  away  from  the  screen  than  the  candle. 
As  the  candle,  for  several  reasons,  should  not  Iw  pla<ed 
closer  than  10  or  rj  inrhex,  th»  ine.nns  that  ilie  arc  bnip 
must  be  33  to  40  feet  distance.     Not  only  is  tlic  aHual 
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distance  imonvenWiir,  but  an  error  iii  intiuduued  owing  to 
Ihc  .nbsoTpiiiit)  of  the  light  froiii  the  arc  in  pasMH^  thrcui;h 
icj  yreai  :i  k-ngtit  <►(  the  ati»(M()lKTC.  'Wy  shorten  ttiis 
di^IafM'c  many  ilcvi<«s  havf  been  (h-oimmmI.  The  tight 
from  the  an*  niay  he  ilimini>h<;(l  \vf  rotating  screciii,  or 
dtt.|N.-iKei|  by  a  douhk'  cono-ivc  tens  °'  weakened  in  a  known 
liMiM^nion  in  other  ways. 

One  tiood  plan  i.-i  to  iiw  en  inteimedbtc  light  a«  a  kind 
of  "  step  down.*'  1'his  method  was  eni|>loyctl  ai  tlie  Munich 
Exhibition.  A  diagram  of  the  jibn  adopted  i»  given  in 
I''ig;>  359.  The  Eiandiud  light  U  placed  at  A,  ttic  arr  lamp 
lo  Ik  lexted  at  C.  and  a  Siemens' ^as  Inuneriit  11-    Motalde 
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MTL-ens  are  jilai-t^  at  it  unA  k  Th«  gas  burner  was  com- 
pared with  the  standard  on  screen  a.  and  the  arc  lamp  was 
compared  with  the  gas  burner  on  screen  A  Thus,  indirectly, 
the  arc  lamp  was  eixnpared  with  iht^  standard. 

In  this  cate  the  lights  10  be  i-ompared  were  on  oi>{)ostte 
sides  of  the  screen,  which  was  translucent,  or  semi-trans- 
parent. The  two  sides  of  llic  w:rein  wcie  a.isunied  lo  be 
equally  ilhimitiated  «heii  a  si>at  of  grease  on  it  di.tapiieared. 
1'his  method  of  deti-imination,  which  is  very  widely  used, 
was  devised  by  Bimscn- 

We  luve.  (KrhaiiSi  now  said  sufficient  lo  indicate  the 
general  methods  and  jirutitems  involved  in  photometry. 
The  wliole  .subject  is  somewhat  complex,  and  would  re- 
quire a  large  amount  of  space  to  develop  fully ;  for  such 
developments  we  must  refrr  the  reader  to  special  books. 
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PxiVATR  HOUSK  ElKORIC   [.l«HTrN«. 

Thus  far,  in  i-onneciion  witli  tlie  subject  of  electric 
illumination,  wl-  have  only  de»:ril)ed  the  Umt>s  and  their 
immedlaic  aivessorics.  But  the  posMs&ion  of  these  alone, 
ihiiugh  indispcn^hk-,  n  no  more  stifficicnl  Ihan  the  pot' 
icainn  or  tuiubic  gii«  burners,  bnukcts,  anil  gaul>en 
vrauld  be  siiflicit-itt  fur  the  |iur)>oj<r  of  illumination  by  gt,». 
In  both  cases  wc  must  haw  the  means  of  distributing  lite 
illuminating  ngciil  (hroughoni  (be  building  to  the  |>oini 
where-  it  «  to  be  Us>.-J,  and,  in  addition,  wlwrc  no  (Hib)i 
suppi)'  of  this  agent  is  a\-jilable,  we  must  incur  the  expense 
of  erecting  the  needful  plant  lor  its  producliotu 

The  publt<:  iiuppl}'  nf  illuminnting  gas,  having  had  about 
OIK'  hiiitdreil  years  for  its  dtwlopmenl,  is  intich  more 
extensive  than  thai  of  it*  moru  modem  rival,  the  electric 
currvnt.  Nolwilhslnndin^  thtx,  there  arc  stilt  many 
country  ditiiricis  in  the  United  Kingdom  uiA  all  tivilr^tfd 
countries,  nlictc  no  public  supply  of  gas  is  atailable, 
and  «h«rc,  if  the  private  individual  wi&lics  to  use 
this  tlluminant,  he  lios  to  im^ur  the  somewluu  high 
cost  of  nunufatiuring  it  fot  himself.  When  ve  turn  to 
the  electric  <-iitreni,  the  case,  as  m\^\\  nr^xonably  be 
cx|>ected,  is  mudi  worse,  for  not  only  country  district-^ 
but  even  many  towns,  are  still  destitute  of  pul^lti: 
supply  atatioos.  rorlunalely,  in  these  cases,  the  putting 
down  and  the  working  of  i>tivJtc  generating  plant  it  a 
comiuratively  simple  matter,  and  many  hundreds  of  such 
plants  are  now  in  ct«ryday  use.  The  rhief  eWcirii-al  jkiRs, 
the  dyiuimos  and  lamps,  of  a  pricatc  iiutallatioii  liave  bei 
already  dcsctiijcd.  I  low  these  arc  combined,  and  what 
additional  appaialtis  >\  net^nary  or  advisable,  must  now 
Iw  ditcutud.  Afterwards  we  shall  refer  to  the  lilting  o)  the 
bouse  or  building  lo  receive  the  current,  whether  Ibe  Utkr 
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lie  supplied  hf  the  owiw's  plant  or  by  a  luiblic  sii|)ply 
company  or  cDr))oralion. 

The  finit  requiule  in  ihe  coin|)lelc  inBtallation  or  an 
electric  lighting  system  i*  some  source  of  iiwcliani«l  power, 
or  prime  mover.  Tor  the  purposes  of  tlrivinjj  tint  ilynainos 
and  supplying  the  i.-ncr)i;y,  which  is  to  he  al^eni-nril.t  L-on- 
virrtcd  into  htai  iiid  hglil.  In  milk  and  factories  Ihc 
requisite  jiowi-r  <-aii  usually  bu  spared  frum  ilie  targe  engines 
emplo}'i.-d  in  the  general  work  of  the  pla<-e,  hut  in  private 
hoii«s  this  source  of  [niwer  is  not  available.  In  the  latlei 
cAGc  it  will  he  necoHary  to  put  down  spct  ial  plant  for  the 
purpose.  The  ihoite  will,  as  a  rule,  lie  between  sleant, 
gas,  and  oil  engines,  though  in  mountainous  or  hilly 
dutitcts  a  mote  Kiiisf.iciory  source  than  any  of  ihete  may 
bir  found  in  a  lurtiine  vorked  by  a  supply  of  vaicr  drawn 
from  sonic  neighbouring  stream  or  waterfall. 

Except  in  special  cases,  the  laying  dovm  of  a  sleam 
boflcr  and  cngirK  is  not  advisable.  The  former  requires  a 
irerlain  amount  of  skilled  attention  and,  where  only  occasion- 
ally used,  some  lime  and  fud  have  to  be  &[x:nl  in  getting 
tip  steam,  and  a  good  deal  of  energy  is  lost  in  the  cooling 
of  the  boiler  between  successive  runs.  Moreover,  even  a 
large  steam  entwine  is  not  u>  econurniial  a  transformer  of 
heat  into  met  liaiiical  energy  as  a  sniall  gas  or  oil  engine. 
In  addition,  a  gas  engine  can  always  be  started  in  a  few 
minutes,  and  when  stopt>cd  all  further  ioniuni|ilion  of  fuel 
simultaneciuty  i:ea»:s.  Moreover,  a  Meant  boiler  requires  a 
supply  of  yood  nalcr.  We  shall,  therefore,  pass  on  to  con- 
sider bricSy  the  setting  U]>  of  a  g.u  or  oil  engine. 

For  deAnitencXf,  we  may  lake  the  case  of  a  house  wired 
for  loogloH-  lamps,  eai  h  lA  i6-caiidtL-  |>ower.  This  would 
be  sufEcicni  for  all  ])ur|>o&es  in  a  nioderatc-slKed  country 
house,  and  though  many  of  (he  deuils  are  not  strietly 
pro;:onJona1  to  the  number  of  lamps  fixed,  ii  nil!  probably 
enable  our  n-aders  to  form  an  ap|>roxinutely  eorreil  etiimate. 
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Wk  may  jiruraUe  (hit  in  all  ui<li  rases  a  scroniL-irjr 
biUciy  should  l>c  imliKlvd  in  (lie  pbtti ;  fur,  alihutigh  tliU 
bjKcr)'  will  .-t(J<l  i-onsi(lcrali!y  lo  Ihc  co&l,  it  is  .1  valuiiMc 
auxili^u)'  in  a.  Mtiri-^tnL-iincd  inslallalioii.  Witliout  ii  lui 
light,  even  a  single  linn|),  inn  be  |>runiie(l  «xi-e|it  when  iho 
engine  is  Tunning,  With  it,  ihe  cii};ine  can  be  slojijied 
(liiiiiig  the  ^inu'l  huuis  uf  thi-  nioTiiing  mid  iHc 
whole  of  Ihe  day,  and  y<.-t  .1  few  Um!»  can  alwajs  be 
available  in  bedroDiiis,  retlun,  tU:  In  foci,  if  a  large 
bAtiery  bc^  bid  dowrt,  the  ei));ine  tived  ouly  be  rtin  imcc 
or  iwiic  n  wv'ck  lo  charge  it :  but  ihis  1  oiirv;  1^  \till 
more  advitubk-  when  a  steam  engine  is  iiHcd.  and  tx  not  m 
necesaar}-  with  a  gas  or  ofl  engine.  Anollier  advantiige  vi 
using  a  battery  in  that  il  enables  ilie  engine  lo  be  run  ai  its 
full,  wbi<:h  ii  u.suilly  its  most  ei-ononiii-al,  load,  wht-thcr 
there  be  few  or  many  lamp*  alight. 

'I'iic  loolaingHiifall  burning  jl  once,  would  require nbout 
6,000  watts  (6  kilow.ittrr),  irrcsjicetive  of  thi-  los*  in  the  lends, 
but  in  no  ordinary  case  are  all  the  light.t  in  a  htm^  burning 
at  the  same  time,  and  therefore  a  5-kiloN'aii  dynanto  will  be 
more  than  Milficieni,  I'his  will  require  a  4  nominal  horse- 
power gas  or  oil  engirx;  10  drive  it,  for  such  an  engine  will 
give  off  over  6  horse-|Hi»-er  when  te<{uircd. 

If  loo-volt  Unips  be  used,  a  iKtiicry  uipable  of  dis> 
eharging  at  tlic  late  of  10  amptires  will  be  quite  laise 
enough,  and  in  ilii«  case  5J  to  55  cdls,  giving  about  s 
volts  ea<:h,  will  l>e  required.  This  l«iit<Tj'  will  U-  nble, 
unaided,  to  run  ratltci  more  ilian  30  lainini.  Hut  the  in' 
sullnlion  may  be  run  at  a  lo^cr  voltage,  Kiy  60  volts,  and 
then  only  33  or  3^  cells  will  be  rvcguircd  ;  but  these  should 
be  capable  of  tliscltarging  at  a  laie  of  ^o  nmiK.-n'S,  and 
should  ihcrcfoie  be  lailn-r  lan;er  tclU. 

'[*be  various  considerations  entciing  into  Ihe  question 
of  tiigh  or  low  voltage  arc  dealt  vitli  subsequcndy  in  the 
chapter  on  the  "  Tranimission  of  Towcf,"    \Vc  may  add 
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hcK,  hovrcvcr,  th:it  wh«re  two  or  thrci-  arc  lights  are  re<|uired 
for  the  grounds  or  a  loiij;  tarriu^i:  drive,  the  Oo  ^oli  ptcssiirc 
may  be  found  most  convenient 

A  vet)'  ncai  arrnngcmenl  of  ihc  above  i>l.int,  dwtscd  by 
Messrs.  Drake  -ind  (Jorham,  i«  shown  in  Fig.  2(10.  A  good, 
dr>',  and  wdl-dr.iined  oiic-Murey  outhouse  m  n)oM  suitable 
I'w-o  rooms  wilJ  be  retjuired,  one  for  tl>e  dyruiino  am) 
engine,  and  the  otlier  for  ihc  battery,  llic  latter  has  to 
be  placed  in  a  separ.ite  room  because  of  the  acid  spray 
given  olf  during  charging,  as  this  s{iTa)'  would  Koon 
damage  the  exposed  meta)  {urls  of  the  engine  and  dynamo. 
It  is  well  not  to  have  any  door  between  the  tivo  roonks,  as 
even  this  may  nrelessly  be  k-fl  0|>cii.  'Wk  cnginv-room 
sitould  be  well  lighted  and,  for  the  site  of  plant  coniUdercd, 
should  be  nljout  tg  feet  long  by  9  feci  witle.  The  liattery 
room  may  be  small,  about  1 1  feet  by  6  feet  being  suflkieni. 

The  figure  is  almost  sclf-explanator}-.  The  rcgulati 
gas  bag  and  meter  are  shown  on  the  far  wall  at  the  right  f 
these,  of  course,  are  not  retjnired  with  an  oil-engia&  'lite 
watcMank,  which  contains  the  water  for  keeping  t 
cylinder  cool,  is  placed  outside  the  window  at  T.  Th' 
switdiboatxl  is  un  ilie  left  h.ind  wall  clow  to  the  dynamo, 
and  fToiii  it  quite  short  lead.-(  pa^  (o  i)ic  socuodary  battery 
ui  the  room  befiind. 

At  first  sight  it  might  seem  to  be  a  mistake  to  recom- 
mend the  use  of  gas  engines  in  a  ctHiiitry  hoii.'te,  where 
most  likely  a  supply  of  gas  is  not  procurable.  But  apart 
from  tlte  many  cases  in  which  such  a  supply  is  av^Lablc,  it 
is  quite  )K>ssible  to  make  the  gas  required  for  tl>e  engine, 
and  tfui  at  a  co*l  well  below  thi-  urdiiury  dwrjiw  of  gas 
companies.  'Die  gas  m>  made  would  be  tneless  for  illumin- 
ating purposes,  but  b  excdtcnt  for  burning  in  the  gas 
engine.  So  much  is  this  the  case,  that  even  in  towns  targa^ 
pi«  engines  are  now  replacing  stenm  engines,  the 
retiuiretl  being  nianufaaured  on  the  spot.    The  plini  used 
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is  vcrj'  iiiii)ilc ;  but  wv  cannot  for  wjuil  of  s{)acc  dcscriU: 
it  hvn.'. 

Where  A  secondary  battery  is  used.  Ihc  ilyKiniii  should 
l>c  iiinj>!y  shunt  it'CunJ.  The  nraxun  fur  ihis  is  the  danger 
of  ro^'crsiivg  the  jiolaiiiy  i»f  a  scric^>-wound  dynamo. 
Su|>}ioic  that,  when  charging  the  battery,  Ihc  spcvd  of  the 
enKiiiv  droi»  *(»  far  th«  the  ^~M.l■■,  gciicmted  by  the  sein-s 
dynamo  is  leN«  ilun  the  liadc  EM.!',  of  ihc  lialtery.  In 
this  case  the  current  will  lie  reversed,  and  ihe  battery 
will  discharge  through  ihc  dynamo  and  will  reverse  Ihe 
polarity  of  'wt.  rieldnintjncts.  The  oonsetiuence  will  be  tJiat 
the  E.M.I'.  of  the  dynaina  will  be  reven;d  and  assist  the 
baiicfy  current,  and  for  a  moment  an  cDorinout  current  will 
How,  catling  into  j>l3y  some  safety  device  which  will  b(e;tk 
the  circuit.  But  the  miidhief  d'tes  not  end  here,  for  when 
the  <lynamc(  is  rcsUricd  and  tun  uj*  to  its  proper  speed  its 
poUriiy  will  be  ioaxuS  lo  be  still  rcwrscd,  and,  therefore,  oni 
connecting  the  cclb  .-i  violent  dbtchaige  will  aj^ain  takfi^ 
place.  These  cvib  arc  mininiUed  by  using  a  shunt-wound 
dynamo;  for  when  the  current  reverses,  oning  to  Ihe 
slowing  don-n  of  the  engine,  it  still  flows  in  tin-  -.aine 
direction  tlirot^b  the  fiel<l  majineti,  and  the  i^ll.i  simply 
drive  the  dynanio  as  a  motor.  This  is  not  desirable,  but 
no  great  harm  will  be  done,  as  the  engine,  being  relieved  of 
its  load,  will  soon  s|>eed  ii]>  again,  and  the  notmal  stale  of 
alTairs  be  reestablished. 

I*flssii>g  now  to  the  switchboard,  the  diflercnl  switches 
and  instruments  thereon  may  be  aT[anjj;ed  in  various  ways,  but 
Ihc  simpler  the  arrangement  the  better.  A  icty  simple  fomi 
of  switchboard  designed  by  Messrs.  Drake  and  (iorham  is 
sliown  in  t'ig.  >6i.  I|  caities  two  ammeters,  one  for  the 
dynaino  and  the  other  for  the  lamp  circuit,  two  ordinary 
switches  for  the  same  ciri:uit*,  and  a  regulator  switch.  The 
latter  [eipiiics  a  word  or  t«o  of  explanation. 

Whew  a  secondary  battery  is  being  <kargtd,  the  pressure 
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of  tlic  char(;ii)g  cunrfnl  hax  to  oven»r»e  iigt  only  i\\e  oltmlc 
resistance  of  ihc  iNiUcry,  l«it  also  the  back  F-  M,  F.  Titus, 
the   \'.\y.  nl  the  tcrinin;ib  niiisi  cjiul  Ihc  I^M.F.  of  the 
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Kitlccy  //»*  the  volts  (CxR)  lost  in  overcoming  the 
iiitctnat  rcMKtanr«.  But  wl>cn  the  baileiy  is  bcin"  •/" 
ihar^td,  the  maximum  pressure  nvailnblc  is  llic  E 
Ihc  luatlcfy,  which  is  n|iifToxinult!ly  the  ranif 
durge.      This  prcsHiii^  honwer,  has  lo  difv 
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tliraii^h  ttic  biitu-ry,  a»  wvll  as  tlitoiigti  (he  cxIcrDal  rircutl. 
The  IM>.  al  the  tcrmiiuls  will,  ihcrcfore,  now  cijual  \\vi 
ICM.K  of  ihc  bflllcry  m/;«i>t  tin:  volts  (Cx  R)  lost  In  over- 
comintj  tl»;  inU-m:tl  TL-«i^tn^ie.  IT  nnw,  whilst  (he  Imttcty 
U  bciii;:  irhatjjeii,  some  lamps  arc  inking  nitrent  in  i).ir-illel 
with  it  from  the  dynamo,  the  P.I),  required  by  the  lann« 
will  (leicm)ine  the  numlier  of  i«lls  ihnt  can  lit-  charccil  in 
[t.irallel  with  them.  On  st(>|)|)in};  the  ilynaino,  the  lani|>s 
will  take  turrcnt  from  the  cells.  Bui  the  P.U  of  the  lalict 
will  taW  for  ihc  rc.i^ns  just  given,  and  the  Uoips  wilt  bum 
dimly.  To  tiling  ba<'k  the  liunpt  to  the  reijiiisitc  incan* 
(Icsceme  some  e\tra  ccHs  must  be  >wiii:hed  into  drciiit,  so 
as  to  increase  tJvc  available  E.M.F.  and  restore  the  P.O.  to 
the  required  value. 

The  regulator  swjuh  at  ihc  bottom  of  the  Itoard  (Fi^ 
36t)  is  fo'  !hc  ]iur|>ose  of  making  these  changes  rapidly 
and  simply.  Conductors  arc  brought  lo  the  six  cross-bars 
of  Ihc  swilth  from  the  negativi-  terminals  of  the  last  six  cells 
of  the  bailery,  whirli  are  called  ref;ubting  <-ells.  These 
cross  liars  overhang,  without  touching,  the  circular  artrs  on 
the  right  and  left,  llic  arc  on  the  right  can  be  connected, 
through  the  swildi  ami  ammclet  diretrtly  above  it,  lo  th« 
main  negative  conductor,  itliiih  brings  the  current  back 
from  the  lamps ;  whilst  iIm-  arc  on  the  left  can  be  connected 
thtoiiRh  tl»e  otlier  twitch  and  ammeter  to  the  ncg.ittve 
lerniin.il  of  the  dyitama  Kach  arc  can  Ite  placed  in 
contact  with  any  one  of  the  six  cross-bais  by  means  of 
sliding  q>ring  contatts  at  the  ends  of  one  of  the  radial  arms. 
By  moving  ihcie  arm%  therefore,  the  innnber  of  («ll.s,  either 
in  the  lamp  or  dyn.imo  eircuii,  at  any  time  can  be  altered. 

11k-  two  smaltet  switches  enable  the  dynamo  or  (he 

lamp  circuit  lo  he  made  and  broken  al  pleasure      Thus 

1  switches  arc  "  on,'  the  dynamo  and  the  Iwticry  are 

rrtlit   with    (he    lani)>»  ;    when    the    battery    is 

•  ilw  dynamo,  the  left-hand  swit<rh,  maxkod 
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"dynninov"  t*  "off,"  and  llic  cHlwr,  inntkcd  "larn|>s,''  is 
"  gn ";  whilst  when  the  Uynanto  U  charginj;  only  and  llie 
\am\n  aru  not  being  usctl,  the  k'ft  hitnd  oni>  \i  In  he  "  on," 
and  the  ri^Jii  hand  uoc  "off." 

The  left-hand  ;iiniiieici  nivaMircs  ihc  otrrcni  gji-cn  by 
the  dynamo,  nnd  Ihc  liKhlhand  oitc  the  cuncnl  ku|>|>lic(l 
to  the  lain]>s.  'I'hc  diff<rtna  of  the  readings  givn  the 
charge  or  disrhsrge  nim-nt  of  the  batieiy.  Thus,  if  the 
"dynamo"  tnirrcnt  Iw  greater  tiwn  the  "iBinj)"  current, 
the  l>attcr>'  is  being  charged  by  a  current  c<iual  to  the 
(lUTercnce  between  the  twoj  whereM,  if  the  "lamp" 
current  he  ll>e  };rcatcr,  the  luttety  is  su|>|ilying  a  current 
cijual  to  the  dilTaen'  c  between  it  aiK)  the  dynamo  current. 
An  inspe<:lion  of  th«  ammeters  will,  (hcrefoie,  alwny*  reveiil 
whether  the  t>altery  is  charging  or  diM^harging. 

The  current,  whether  given  off  fiom  the  battery,  or 
generated  by  the  dynamo^  i»  next  conveyed  to  the  hou«, 
for  which  ])ur])(»c  a  pair  of  well- insulated  co)>|ict  conductors 
aic  used.  The  gauge  of  copper  depends  upon  the  maximum 
current  to  be  carried,  and  i«  usually  calnidaied  on  the 
9nip|iosilio«i  tlut  one  iijuare  inch  of  Kei.'lion  will  safely  cart)' 
i,ooo  fuuptres.  As,  in  tiK  case  we  arc  considering,  the 
maximum  current  m.iy  be  taken  at  50  amperes  (for  a  100- 
volt  pressure),  this  would  require  a  cront  sertion  of  ('gth 
{»  loii.i)  of  a  square  inch,  whi^h  would  be  nearly  civon  by 
a  cable  of  19  wires  of  No,  17  gauge,  having  a  resistance  of 
0-174  ohm  per  500  feet  of  double  cable.  The  rule  is  a 
rough  one,  an<l  in  some  caAct  it  would  be  advisable  to  lay 
down  a  thicker  cable  so  as  to  diminUli  the  loos  in  pressure 
owr  a  long  distance.  I'or  instance,  ihc  above  cable  would 
lead  lo  a  lost  uf  87^1-^(0  :^  o  1 7  ■  1  volts  at  a  full  load  of 
50  amji^res  if  the  h  1  dt»iunt  frutu  the 

dynamo*  and  ballci)'rv>:'iu.     A  <,iiji : .     '   '  nitudc 

between  small  and  hen  t  the 
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Passing  now  lo  tli«  houne  itM.-If,  Ihi:  fii^t  o|n.-raii<>i)  is  to 
provide  conduciors  lo  carr)'  ihc  <'iirrciit  to  Ihc  points  nhere 
light  if  ic<juiTi.-d-  'I'his  is  icctinioilly  cjllcd  "wiring"  tbe 
house.  Tlicoreti'ally,  ilic  arrange m en t  of  tlie  <xin<luciors 
is  very  simpk-,  iht-  bini>s  being  a>range<l  in  purallel  circuit, 
as  explained  at  page  188.  Pethai»  Fjg.  idt  will  assist  the 
reader  |g  understand  how  the  various  ramilications  depend 
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upon  one  another.  The  figure  U  slrictlf  diagram m.itic.  all 
switches  and  ml  oiil«  licing  oinitte<l.  The  lamps  arc  rc- 
{iresented  hj  smnll  cirdi-s,  ;m<l  it  uill  be  nolicul  that  m<vt 
of  ihcsc  forms  a  bridge  from  a  conductor  directly  connected 
10  the  +  main  from  the  dynamo  to  a  conductor  similarly 
connecte<l  to  the  —  main.  'I'tie  arrow  hc.ids  show  the 
directions  of  the  curreius  at  various  poiiiiK. 

The  conductors  themselves,  technically  known  as  ih« 
"  leads,"  should  consfci  of  tiniKd  copper  wire  well  insulated 
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wHih  ifulianibber,  aiui  intfclinnicjilly  (irolectecl  wtlh  oilier 
coverings.  Elaborate  rules  have  been  drawn  up  for  ihe 
goidxncc  of  contractors  in  uiring  houses,  with  Ihc  ol>jcct 
of  clitnin.iting all  risk  from  fire  dut  to  Ihe  hciting  iflc<t  of 
the  inrrcDL  We  fthall  not  trouble  our  Tc«der«  with  ihrsc 
tulcs  in  detail,  as  they  arc  chiefly  such  as  would  be  ilEctatcd 
by  common  sense,  contfMned  wiili  »  knowledge  of  tlic 
clecirinil  laws  lu  whirh  we  tiavc  already  fully  n-ferred. 
<>d(hI,  honeKi  workiiiaii^lu|i  i.i  aI>Bo)uic1y  euentinL  Tlie 
+  awi  —  wires  arc  usually  run  in  sejaraie  grootts  in  a  ilry 
wooden  t.asin^,  and  are  corcred  over,  tmt  shoiild  U;  easily 
acoesnililc.  Tlte  shea  of  wim  should  l)c  )mi[>i>rii(>necl 
to  Ihe  niaxiniuni  cunents  Ihey  nuy  have  to  lany,  the  nile 
being  to  allow  n^glh  oi  a  square  iiK-h  pet  ampi-rr,  btil  ii 
is  now  iiitual  10  employ  no  wire  of  anallcr  jjaugc  titan  No. 
iS,  though  this  can  carry  current  for  ihice  lamps  of  i6- 
candle  power  at  too  volis.  The  "insulation  rcsisiaocc* 
from  eilhcr  conductor  to  the  csulh  Nhotdd  not  lie  less  than 
115.000  ohms  where  100  l.-ini|»i  are  used,  an<l  should  vary 
invcfsel)  with  (he  number  of  lamps. 

Fusible  Cutoutg-  N.nwjihslanding  titc  greatest  care 
In  running  and  in^ulatin){  the  wires  ■<  is  i>ossit>lc  that  now 
and  again  the  insulation  luay  break  down,  and  this  may 
lead  to  a  (dangerous  excess  of  current  in  purticubr  win* 
This  ronlingenty  i.i  effectively  guarded  ngainsl  by  a  projier 
dill rilMit ion  of  what  are  known  ax  "fusiMc  nil-outs." 
'i'bcse  essentially  consist  of  short  lengths  of  conductors  of 
high  Telt^ta^ce  per  untl  length  introduced  into  the  curren| 
M  coiik-eiiienl  ix^iiUs.  TIr-  resi-tt.iiHes  and  sir«8  of  it 
conduitors  are  &uch  ihal  if  Ihc  ciirrenl  lhn>ugh  iheni  rises 
50  ]>or  ccnl.  alwvv  ils  nonnal  luaximutn  ihcy  melt  an<l  so 
break  the  cirriiit.  There  arc  many  fornu  of  llicse  cul-out« 
or  foses,  Iml  n*  can  only  refer  in  detail  to  one  of  lite 
vhkh  a  depicted  in  Vias.  zf>3  and  164.  tn  f'ig, . 
cover  is  remoxed,  aa  m  10  sliow  the  tticihod  »t 
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fuse  on  one  of  ih«  condiittore  of  a  pair  of  l«ads  nmning 
vcnicall)'.  In  this  case  llic  base  of  the  fuse  holder  is  of 
porcetain  i  Ihc  1cft'han<l  lead  has  been  tnil  and  the  cndi 
brought  thrntigh  twg  holes  in  ihc  porcelain  lo  the  screws 
1/  and  i-  resjicflively.  The  itrew  ii  is  on  J  brass  blcck,  on 
which  is  another  screw,  i,  and  a  fourth  screw,  J,  is  on  tlic 
same  b(Ass  block  as  e.  The  ftUe  proper,  t///',  \s  hung 
lietwcen  the  screws  i  and  (/,  aiid  therefore  the  current  has 

to  |iass  through  il  in  order  to 
continue  its  course  along  the 
left-hand  lead.  I'his  fusci 
shown  icpatalely  in  l-ig.  jfi-j, 
conmt^of  a  tead  or  tin  win: 
loaded  at  the  centre  wiih  a 
lelaiivcly  htavy  Icadeit  ncight. 
The     object    of    the     latter 
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is  to  ensure  ihal  a«  soon  as  the  metal  nielt^,  the  circuil  shall 
Im:  interrupted  by  the  breaking  of  ihe  wiic  li/fi.  It  may 
appear  li>  be  a  needless  prvcaiilioii  to  load  the  (use  wire 
with  a  weight,  but  il  must  \k  remembered  tlwi  ihe  wiie 
of  the  fiisi-,  l>ci"g  cxfostd  lo  the  .\\r,  may  Iteiome  covered 
with  an  in(uiit>te  oxidi:-  Cases  li.ivc  been  Limnii  wlieie 
tliis  oxide  Ims  beeume  sufficiently  llikk  to  support  the 
inollen  metal  inside,  and  thus  the  circuit  wa!^  not  broken 
t  UH-til  of  the  fuse  lud  melted, 
tions  fiir  a  good  fuse  arc  that  it  should  "  gf> " 
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va  soon  as  the  rurrcni  reaches  a  certain  value,  ihal  (he  gap 
it  makes  in  (be  ciTcuit  should  t>c  wide  enwigti  (o  jircvinl 
the  rormntion  o\  nn  "are,"  thai  it  should  be  mounted  on 
an  inconibuMible  ba-te,  and  that  it  should  be  easily  re- 
placeable al^er  fu.iion. 

The  proper  position  for  ihe  fuiiblc  nit-outs  is  "lit-revcr 
in  (he  numerous  bifurrations  Indicated  in  Vi^.  2G2  there  t& 
a  (rbangc  of  gauge  in  Ihe  conductor  osed.  In  an  ordinary 
inMatlnlion  it  is  ui>u.ilty  convenient  to  have  di^tril>uti^ 
boxes  M  v»riou:>  )>oin(s,  as  a  rule  on  each  floor,  from  «.-n;fc 

of  which  a  disiina  itroiip  of 
circuits  Imuich  olT.  The  cut- 
outs for  these  cifcutis  can 
then  .tU  be  pljri-d  In  this  Ik» 
and  are  readily  nei.esnibte.! 
Such  a  box,  fitted  vfi(h  "  Cock- 
bum"  fust-*  on  IxHh  wis  of 
\<Mi\\  is  shoKTi  in  Fi;;.  265,  and 
will  scnc  toiliustiaie  the  prin- 
ciple involved-  The  positiw 
and  negative  mains  are  |Kr- 
manently  connected  to  the  two 
vertical  bars  nurked  -h  and 
— i  FVom  the  bar  marked  -f-  ctirrents  am  Row  through 
the  various  fuses  to  the  circuits  connetrtcd  to  the  wiews 
a,  /'.*■,.  ,  . ;  after  flowing  Ibrough  the  Liinjw  il»e;*  return 
to  the  w«res|jondinjt  screws  a,  H,(' .  .  .  on  (be  other  side, 
aitd  reach  il>e  —  hat  through  another  set  of  fuses.  In  this 
airanKement  there  are  fuses  on  Itoth  the  |N»itive  and 
negative  sides  of  the  Ianip<^. 

Klcctroningntiir  fut-outs  are  u»«.-ful  in  some  caw*. 
They  acd  in  a  way  easily  underwood,  by  U>e  roint-iiieni  of 
the  armaltm.'  of  an  elect ro' magnet,  which  mechaofo 
breaks  the  circuit  if  Ihe  cuneni.  cither  dro|tt  I 
exceeds  a  certain  I'aluc. 
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SwitcihM.--W('  im.is  n<iw  to  the  n|i|KirntuK  iiscil  for 
lighting  up  iw  i;xiiiigtii«hin^  any  lani{)  or  K'oup  t>'^  bMtj'S. 
It  k  in  the  caM  and  convenience  of  thvic  opcraliwis  th.it 
the  KuiwTioril)'  or  the  electric  to  all  other  methods  of  artitici:*! 
illumination  U  most  manifest.  When  it  is  requited  lu  light 
any  panicnlflT  intn|»  it  t*  only  necessary  to  complete  the 


nt,  9«,— tic  "  PiiBood  '  Swiich  *ilk  Cvnr  nsotnl. 


circuit  of  which  llut  lamp  loTnis  a  lait.  Similaity,  on 
bnraking  live  ciraiit  tlie  lamj)  a  extinguished.  The  pieeex 
of  n|i{iarulu«  t>y  whieh  the  currents  are  made  and  hrokeii  are 
technically  knonn  as  "swilchcs."  A  swiich  is,  ihcrefote, 
some  sin)i>le  contrivance  for  bridging  or  making  a  gap  in  a 
circuit,  and  it  c.in  readily  be  placed  in  iIk-  moal  coovenwnt 
position  for  the  |>tu]iO!te- 

Hcre,  a^in,  the  cutMiiiionB  are  so  simple  iJial  atmoKt 
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innuntcTablv  varieties  of  smichcs  haw  hcen  (lr<iign«l, 
whiili  wc  <:ai\  only  illuslratc  one  or  (wa  In  dcni^ninK  a 
switch,  on«  pnificrty  of  (he  currirnl  niiitl  tiM  Ik  ovrrlookcd, 
and  that  is,  thai  on  "  breaking"  a  cin-uil  in  whiclt  a  current 
Is  Dowtng,  there  is  usually  »  spiik,  am)  ihil  if  the  gap  lie 
very  unwll  ii  in-Thistcnt  "  arc  "  may  be  fwnwd.  'I'hc  "bii'-ik  " 
should,  llKTcfori;,  be  clTectcd  n|t)dly,  and,  since  sunic 
people  are  naturally  bIow  in  their  awvcnicniR,  the  switch 
fcliould  Iv  K>  designed  ibnl  ihc  r4)Hdity  with  nblch  (tic 
Titled  brc.ik  iit  miidc  i.i  iod<r|)ciulcnl  uf  the  rate  at  which  the 
handle  of  the  anitih  is  iiKivcd.  Also,  lince  in  any  rose 
■  here  will  lie  a  sfurk,  (he  liaite  and  fUtinKS  uf  (he  switch 
slwutd  Ik*  int:ofnbi»til>le. 

These  vnitouK  londilttm^  arc  well  obstrvtd  in  ilw xirilc' 
de])i(:ted  in  Vig.  iM,  and  known  a\  the  "  l)i.im»nd  "  Awitchj 
Oif  Mean.  Woodhousc  and  Kawwn.  'I'hc  base  o/  ibe 
switch  is  of  ponclain,  or  vmik  olh«T  fairly  good  iruuL-itrng 
material.  One  o4'  the  conduclont  K-jidtng  (i>  the  laiiiiu 
under  consideration  is  Iirotight  to  a  convenient  position  and 
CM.  One  of  Ihc  loose  ends  n  led  through  the  hole,  II.  and 
made  font  to  tlie  screw  on  the  brass  block,  A.  'I'hc  other 
end  is  brought  thtoii^h  a  uniilar  liole,  not  xhown,  to  the 
screw  on  the  block,  C,  In  this  switch  a  ftise,  /,  coniiei^ts 
(he  block,  A.  to  the  bkKk,  l>,  but  a  fuse  is  not  necessary  in 
the  swiiclies  if  there  arc  proper  fuses  in  wcU-i<liice(l  dii^tri- 
bu(i(is  boxe*.  'Hic  swilrh  i%  Kbnim  in  the  "  on  "  poNiiion, 
with  the  bridge  piece.  Ii,  connecting  the  blocks,  C"  and  t), 
and  allowii^  the  current  lo  pans  across.  To  break  the 
cbruU,  or  throw  dw  switch  "off,"  (he  tnsubiting  harMlIc 
inuM  be  liirned  in  a  cuunler  clockwise  direction.  Iliis  wi 
bring  the  projection,  *i.  against  the  bridgepicce,  B.  wb' 
can  turn  loosely  in  the  central  spindle.  A^^ 
apiinst  IJ,  it  fon-w  the  l.-iiiiTi*ft'  ih.-  M --1-:  c  «< 
as  soon  as  (lie  fiictton  a};atiid  the 
dimiitishcd,  a  pnwetful  Bpfinft.  s.   piu^sui 


a 


SW/TCH£S. 


S;}9 


ri];0<)ly  connected  to  B,  forces  th«  Incter  to  fly  sharply  ofT  Hik 
blocJis,  thus  Ki-curing  a  very  ra\»<\  litc.ik,  ihf  rapidity  of  the 
break  Ijcing  uidependent  oi  the s[)ef<i  wiih  ivliith  Ihc  handle 
is  turned.  The  ntolion  or  It  is  arrcsttrd  I>y  a  i.to|)  block  nt 
the  Uu-k,  not  shown  in  the  figure. 

'I'liete  i*  one  jioim  vtc  nimi  not  omit  to  nicniion,  and 
that  is  tliat  the  contuti  liclvftx-n  H  anil  t!i<:  btocVs,  C  and  D, 
is  a  rubiiHg  contact,  so  that  llie  coiiltnual  use  or  lUe  switch 
t«ndt  to  ke«t>  these  metallic  contacts  bright  and  clean.  All 
good  swiichCK  are 
designed  to  act  in 
this  way. 

When  in  use, 
tlie  siriluh  it 
covered  up  with 
a  cover,  whicli 
may  be  made  to 
h.'innoniKe  with 
the  decoration  of 
the  room  in  which 
it  is,  as  »hown 
in  I-'^.  J67,  whii-h 
rcjitesunts  a  switch 
uith  ilie  cover  on. 
ll  may  also  be  placed  in  any  convenient  position,  eitlier 
inHde  or  outside  the  room  in  which  the  lights  controlled  by 
it  are  fixtd.  .As  a  ndc  the  best  |nisitioii  is  jtist  inside  the 
opening  of  Ihe  door  al  a  height  of  about  five  feet.  When 
so  placed,  anyone  cntunng  lite  room  in  the  daik  can  readily 
lay  his  hand  on  the  Hwitcli,  and  at  onci-  (loud  the  loimi  with 
light  1  and,  also,  on  withdtawiiig,  a  passing  touch  is  stittit  lent 
to  again  phiiige  tlie  room  into  darknew. 

A  very  convenient  an<l  useful  form  of  switch  for  tuc  with 
movable  lamps  is  shown  in  t-ig.  168.  It  is  usually  teftned 
to  a%  a  "  nail  iwkei  and  plug,"  and  consists  of  two  (xtrls. 


V*f^  v'lj^    Su'tltli  uith  OntAinviiul  Cover- 
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The  lower  |»ari,  or  soi  kct,  S,  is  intended  to  be  fixed  in  (he 
wall  of  a  rciom  ntai  any  spot  where  a  icmpofaty  light  may 
occ:isit>nally  l>c  required,  such  as  ne<ii  ihe  head  o(  ft  l>e<l  in  a 
bedroom,  or  neiir  the  piano  in  n  drawing-room.  So  placed, 
its  presence  may  be  atniott  concealed  l>y  the  decorations 
near  it.  Two  conductors,  fiom  the  positive  and  ncg.i(iv« 
leads  respectively,  arc  brought  in  at  the  back  of  the  socket, 
niKl  connected  to  two  hollow  bra«s  lubes  oi>positc  the  open- 
ings, .\  and  It,    The  plug,  P,  which  i.i  connei.Hed  b>'  flexible 

leads  to  some  form  of  hand  or 
movable  lamp,  cynics  two  ii|>1it 
brass  pins,  a  and  />,  which  can 
be  in.terted  in  the  tub«i  of  the 
socket.  Thme  pins  arc  J<>ined 
one  to  each  of  ihe  fleKiblc  con- 
ductors lending  to  the  Ump,  and 
wlteii  they  are  iiuertcd  in  the 
«>cket  Ihe  lamp  is  lit  up.  As  a 
nMmber  of  these  sockets  may  be 
l>!ai.x-d  in  different  positions  tbe 
laini>  can  I>e  carricil  about,  and 
Ut  up  wlwrever  teioiiof.ifily 
required. 

Lftinps.  -Wc  now  come  to  lite  lan))>s  and  their  fillings. 
The  almoM  |)erfe<i  ad3;>tabilily  of  the  ttlow  laiup  lo  all 
|)urpo9cs  of  anificial  itlumiiuiion.  is.  jK'ihaps,  luust  fully 
dispUycd  in  the  variety  of  the  Bitings  designed  for  use  with 
it  It  can  be  worn  in  the  btitlon-hole  or  in  the  hair,  plunged 
tinder  water,  or  brought  near  deliiatc  £tbrir^  such  as  bt-e 
curtjiiK,  frmu  which  all  ottttrr  kinds  of  lights  havtr  lo  Iht 
kept  at  a  distance.  It  can  hang  duimwards,  or  bv  (lirei.tcd 
upwards  gr  sideways,  at  will.  Kor  all  Iheac,  and  numertiu^ 
other  puriM>scs,  rillingx  ha^-e  I)eeii  designed,  VI*' 
be  iin|M»^hle  for  us  even  to  attempt  to  d 
may  he  eiiher  strictly  pUin  and  ficvcrcly  tl' 
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.nppenr.ini'c,  ur  liiglily  .intsli<'  ah^I  (kconilivc,  and  mny  be 

luude  It)  IkirraoDiM-    wiih  any  sur 

roundin^s. 

\Vh*ii  jicndenl  (roin  ihc  cdliiiit, 
ihc  ItoUi-t  «hiiwn  in  Fi^.  ijS  h 
iiitii.illy  Mimiutink'd  by  nn  rijial  or 
other  rctlecKir  or  sha<lt:,  to  i-^M  \\k 
upward  travelling  rays  domivrard!!. 
In  ihU  case  xhv  bniji  can,  if  rc- 
(jiiireO,  Ik:  nuulc  a(ljiii>ut;l<.-  in  licighl, 
as  sliowii  in  F-ig.  169,  wIu.'T«  ibc 
flexible  conductors,  C,  C,  C,  supply- 
ing ciimml  to  the  Uni)),  1^  jiass  over 
n  tixed  |>ulk-y,  1'^,  aiwl  umltr  a 
inoxulitv  pulley,  i',,  tin;  latter  urry' 
iog  a  countcr-babnce  weight,  W. 
In  all  f-aicK  o(  hanging  lainiin  sijcrial 
devices  have  to  be  u^cd  to  t;tke  all 
strain  off  ihc  terminals  lo  whidi  the 
conductors  arc  aitaelicd  at  the  ceil- 
ing, for  such  Miains  may  gire  rise 
to  bad  (-outacta,  with  conseijuciii 
heating  and  risk.  For  this  putpase 
carcfully-dcMgncd  "  ceiling  roses," 
U  they  are  called,  arc  einptoycd  ; 
one  or  (hem  i&  shown  at  the  top  uf 
Fig.  169. 

Wc  coiKtude  by  illustrating 
(Fig.  270}  three  recently  designed 
forms  of  tablo  bmps,  whicJi  irill 
(end  to  $hDw  the  anistii:  adapta- 
bility of  the  glow  lamp.  In  these 
I[  will  I>c  noticed  that  the  tamp 
in  A  is  surrounded  by  a  tramparenl 

J,  whilst  thai  in   B  is  coveted    "tr^-M^-^"^'^"*. 
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wiih  an  (iinrjut  itiad.-,  and  in  I'  tin-  lamp  w  folly  exposed. 
Each  xiniid  carrk-s  a  swikti  }uM  liirlow  the  t.im|i,  aixt  llie 
coftduclon  are  led  up  iht(iti{i[h  the  ceolnil  column. 

Measuring  InstramentB— Thtse  have  alrrady  been 

full}'   dc^ciibcd    III  a   prLvimis    ^-rtion   i>f  %\ve    liiwlc    (r/S 
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pages  361  and  389).  In  n  pHvotc  tioutc  installation,  where 
the  cinTcnt  is  Kcm-'rated  on  lh«  premises,  there  should  be  1 
rolim«ter  and  two  animeteis,  one  for  the  dynanvo  curretit, 
the  Qthcr  for  the  lamp  current. 


CkNTKAI.  KlAllONS. 
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EiKiuns  which  have  hccn  crurtcd  during  (he  lost  tea 
ycart  for  Oiv  i>iiblir  su[)j>ly  of  L-lwtric  current  energy  in  all 
in))iiitt3nl  towni  tii  ihc  dvili&ed  world.  It  in  ituc  tlui 
many  of  the  details  of  these  Mationa  are  only  of  technical 
interest  to  engineers ;  hut  the  general  \Axa  a(  vioiking,  tli« 
f(en«ral  methodu  i.-nii>t>iyi-d.  .-inil  tniich  nf  tli«  aiijuiratiis  usci^ 
havca  fiwcinaiing  inteit-st  Tot  a  fnr  wider  tiri  le.  Nu  ■ti'oliitiy^'] 
(hercfort-,  i&  itecdcd  for  Ihc  intioductiun  of  wme  brief 
remarks  upon  tlicm  hcr^. 

We  do  not  pri>]ioKe,  jiiKt  now,  to  enter  into  the  questioa 
of  (he  vaiiotit  methods  o(  the  inniniiMion  jiimI  dixtrihutionj 
of  (he  cWtric  currcnl.  These  methods  will  he  diKUKscU 
later  on.  For  our  preicnt  purpose  we  may  clitKufy  tlw 
cltfTerent  Ktniions  into  tow-presiiirc  and  hi^h-iiresNure  supiily- 
&u(ion!i.  The  fDimer,  .ti  a  rule,  use  coititniiotii  luncttt 
dynamos  wilhor  without  accumulators,  or  £c«>ivdiir>'bial(cTios. 
The  tatter,  a«  a  nilu,  generate  aUcinate  ciirrcntx. 

For  a  typical  taw-jireKuire  or  condnuoiu-rurrcnl  Station 
wc  illustrate  in  Fig.  271  the  engine  and  dynamo  room  ufJ 
one  of  the  stations  of  the  Liverpool  Elc<:(ric  Supply. 
ComiMny.  t^uh  dynamo  ii  ditet-ily  eoa[>lcd  to  a  WJIUns 
compound  high'S]>eed  engine,  and  any  engine  and  dynamo 
can  be  stopped  or  started  as  (Itc  exiiiencics  of  the  demand 
rcjuire.  Sin^re  a  steam  cnj;iiic  works  much  more  econom- 
icjtlly  on  a  full  load  than  on  a  light  load,  the  object  of 
having  so  many  engines  and  dynamoa  is  to  keep  all  those 
thai  arc  working  at  any  one  lime  as  near  full  load  as 
possible 

'Hie  dynamo*  ar<  of  the  two  i)ole  "  undcrtyite  "  |iaiicin, 
dcsMibed  at  ]uge  i^i,  hut  with  thit  difference :  tlial  the  field- 
magnets,  instead  of  beii%  placed  upon  a  soLd  bedplate; 
with  a  nun-mngncti'-'  fooislcp  inicri>jw;d,  arc  su^ll<.■nded  by 
side  brat'kets,  and  project  downwards  info  a  ni<n-iD' 
air  spuce  in  a  bed-pUte  uxxnisting  ot  a  mauive  ii 
Some  of  these  dynamos  were  built  by  Crumpi 
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nnd  olbcTB  tiy  Siemens  Itius.  ami  Co.  'Hiere  ore  two  sites. 
The  nuxiinunt  otitput  ot  the  Iniger  ones  i*  70D  omp^rei  al 
tio  to  135  volU  when  running  at  575  revoiutions  per 
miniilc.  and  they  are  driven  by  engines  capable  of  <Icv-c1<^ 
ing  iSo  iodicjited  hofs«-|>owcr.  Ea<^h  of  the^c  dynamos 
(xiuld,  iherefon;,  Mi|)|)ly  ctitrent  10  about  1,100  kIuw  lamjix, 
esoh  of  16  I'andk'lKwer  at  100  vdIIji,  or  to  double  the 
niinibor  of  tt  cnndlc-|>owcr  lamps.  'ITic  smaller  dynamos 
(an  ea«:h  give  oik- ihini  of  the  iibovc  output;  ibey  are 
dm'en  at  a  bijfher  !.p.'«d,  450  to  500  revolutions  )>erininulc, 
by  cnginvs  oif  60  indiiratcd  horsc-powcr.  Some  of  ibc 
dyiuinos  are  tH>ni(K>iind-wo(ii>d,'  but  most  of  lliem  have 
only  a  simple  sbimt  winding  on  itie  l\etd-[aagnets.  In  all 
cases  an  adjusuible  rcsi«tan<^v,  fixed,  as  tan  be  seen,  to  ihc 
tide  of  the  dynamo,  i«  \^*^■vA  in  the  f^hunt  (itiiiit;  by 
altering  this  resistance  the  strength  of  the  magnet  6e1d, 
and,  therefore,  tW  voltage  of  the  machine,  can  be  »ricd 
as  reiguired. 

An  overhead  travelling  oane  runs  the  wrhole  length  of 
the  room,  so  that,  if  an  accident  happens  to  any  dynamo  or 
engine,  the  damaged  mnchino  can  be  quickly  taken  to  pieces 
and  the  injured  |»rt  repla<:ed  by  x  new  jiait  kept  for  the 
puriwsc,  This  is  sgicx^ially  useful  when  an  aciidcm  happcm 
to  an  nrmaitire,  as  a  spare  amialtirc  can  then  be  inscitcd  in 
a  comparattvety  short  time 

Tlie  swiichtward  is  at  the  for  end  of  the  room,  and  is 
not  very  clearly  shown  in  the  figure.  We  therefore  depict 
in  Fig.  371  the  etsential  parts  of  the  sviichboard  of  a  con- 
tinuous'current  uation,  selecting  one  used  liy  the  Si,  James's 
and  I'>ill  Mall  Eleciiic  Light  Crompany.  In  this  station  titc 
ihrcc-wire  system,  cxpbincd  ai  page  65<>,  is  used.  The 
upfwr  jurl  of  the  figure  shows  the  actual  switchboard,  whilst 
the  lower  \a.t\  giv«  the  deUilsof  the  connections,  which  are 
all  made  at  the  back  of  the  board  The  letters  on  the  two 
*  Stt  pifc  118. 
JJ 
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pan*  of  ihc  fijjutc  t<iiTtsi«»nd.    Ttiere  Jire  in  all  i  a  dynanK 
lo  of  which  cin  cnth  give  1,000  amperes,  and  ihe  oihe^ 
iwo  \to  amperes  cacli.    Two  only  of  these  dynamos,  one 
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on  mch  ikle,  are  diagiammatkaUy  shown  in  i>" 
of  the   figure.       From  one  of  ihe  Iciminalu,   ' 
(lynamO  a  lead,/,  is  taken  to  a  cgticsiwndiltf 
at  the  top  of  the  board.     KrocD  G  a  ttiick  cot 
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]C3d.t  (liniiiFfh  an  .iminelcr,  H,  to  the  up|wr  contact  of 
switch,  I,  t)ic  lower  contact  of  which  is  conncclcd  lo  a  stttd^ 
J,  There  arc  twelve  of  these  riwIk,  one  for  eich  ninchinc, 
phcud  midway  tictwKn  Iwu  ronisivc  tun  of  co[tf>er,  K 
and  L  L,  to  either  of  nliich  any  mtd  can  be  connected  by 
thick  strap  of  copjicr,  N.  One  of  the  bars,  L  l„  is  ran- 
ncctcd  through  the  Three  ammeters,  X,  lo  three  mains,  M, 
which  form  one  side  of  the  three-wire  syiiem,  and  the  other 
is  conneacd  through  the  ammeters,  Y,  to  the  mains,  M', 
which  form  the  other  side  of  the  system.  The  middle  or 
intermediate  main,  E,  is  connected  through  the  ammeter,  Z, 
to  tlie  other  terminals,  .^,  of  the  dynamos,  as  shown  in  the, 
lower  figure.  Each  of  these  terminals  is  coDnci:tc<l  thro«i 
an  clettro-mognetic  nil-out.  It,  to  a  fii^,  C,  on  a  hiscboard, 
D,  at  the  side  of  the  switchboard,  .^fier  paiiing  the  fute, 
the  current  goes  into  a  common  conductor  for  the  iwdi-c 
niairhinct,  through  /.  to  E.  The  electro- mngniiic  cut-out, 
B,  automalii^lly  breaks  the  etrcuii  if  the  current  from  the 
machine  falls  below  30  amplrrcs.  The  current  in  the  & 
magnets,  a,  t,  of  any  machine  is  adjusted  by  a  resistance, 
|ib<:e(I  between  ^  and  the  corre:q>onding  Mud,  ). 

The  switches,  I,  enable  any  inut-hine  to  be  thrown  into 
or  out  of  circuit,  and  by  the  straps,  N,  it  can  be  uonnected 
to  cither  side  of  the  three-wire  system.  The  amroctcn,  H, 
show  the  current  given  by  each  machine,  whilst  1 
ammeters,  X  and  V,  indicate  ttic  currents  respectivdy 
each  side  of  the  system,  and  Z  shows  the  current  enteHn^; 
or  leaving  the  Matinn  by  the  intermediate  main. 

Secondary  Battel?  SnbStatioiu.— In  eonitection 

with  mou  foniinuou 5-currcnt  statioivi  there  are  •■  y 

secondary  bAlterie^  u!«d  either  as  regulators,  to  .1  ,  l- 

preKsure,  or  as  reserves  to  take  up  the  load  dtmng  the  hours 
when  the  demand  is  srrul!   -    '  :is  ionliniioii» 

current  transformers,  for  i  me  in  a  wal 

»ub«e'(uentty  expbincd  {ste  ^w 
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Such  a  liatlcry  siib-fltalion  it  d«plcted  in  F^g.  a^\,  which 
represents  a  battery  luotu  fitted  up  with  Oomplon- Howell 
art-umubtors,  and  bdonging  to  the  Noicing  Hill  Electric 
Lighting  Comjiany.  The  particular  type  of  sccondaiy  rell 
used  has  been  alrcaily  fully  dcunilK-d  at  page  81,  but  fur 
central  station  work  the  celk  are  lunger,  and  contain  as 
many  as  61  plates,  ^o  of  tlicm  |>o<iitivca,  and  31  ocsativcs. 
Such  a  cell  is  capable  of  discharging  at  the  rate  of  500 
ampere*  for  one  hour,  and  a  battery  of  50  such  cells  fully 
charged  uan,  if  mjuired,  supply  electric  enerj^y  at  the  rate 
of  60  to  70  horse  p:>wcT.  The  room  illustrated  contains  tno 
complete  batteries,  arranged  to  two  tiers  on  either  side  of 
•  central  gangway.  1'hc  cells  in  one  tier  are  |>cmiancntly 
connected  together  tn  the  manner  already  dewril>cd,  and 
the  conductors  passing  from  one  tier  lo  another  and  to  the 
switchboard  are  very  ma**i>-e  copper  rod*  or  bars.  Some 
of  these  will  be  noticed  leaving  the  regulating  cells  of  the 
(Op  tier  on  the  tight  hand  side.  Each  ceil  is  mounted  on 
glass  insulators,  standing  on  wooden  trcMles,  nnd  all  the 
woodwork  in  ihc  room  is  jiaintcd  with  a  speiiil  aiid-iiruof 
paint  to  resist  the  action  of  the  acid  spray  with  which  the 
ainiost)hcre  becomes  laden  «hco  the  cells  arc  being  charged. 

Alternate  Ourreot   Stations.— As  a   typical   high- 

|iressure  alternate -current  station,  we  dcpiirt  in  Fig.  37^  the 
dynamoroom  of  the  Sardinia  Street  station  of  the  Metro- 
politan Electric  Supply  Company  of  London.  In  this  room 
there  are  len  Wcstinghousc  alternators  of  the  kind  tlc- 
scribcd  and  illuMralcd  ai  [Kige  ^43.  The  alteniaion  are 
placed  on  the  Unt  lloor  of  (he  building  the  driving  engines, 
one  lo  each  alternator,  being  on  the  ground  Aooi  below. 
Each  alternator  is  driven  from  the  fly-wheel  of  its  engine  by 
a  bell  passing  through  the  floor  and  carefully  boxcti  in  to 
prevent  accidents  ;  in  the  figure,  however,  one  of  llie  twcrs 
has  been  removed  lo  show  tlie  drive  The  raa^dmum 
out|iu(  of  each  dynamo  when  running  at  1,000  revolutions 
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per  ininule  w  115  amperes  «l  1,000  volls,  or  nently  170 
horse-[wwer.  The  field-niagnctt  are  excited  by  tontinuous 
current  dynan^ox  driven  by  separate  cncinos.  'I'ltcrc  are 
three  of  these  dynat)toi>,  cacl)  cj|>al>lc  u(  ^ting  300 
umpires  at  100  volts,  a  current  tuAicicnt  for  the  witule 
of  itie  ten  altcm-itors.  It  wdl  be  noticed  itut  the  room 
comuins  :i  tniwlling  cranes,  which  can  lie  hrouj^ht  over  any 
of  the  alternalurs.  Thus,  the  work  of  liftini;  ufT  the  upper 
half  of  the  ficldmngitcis  and  replacing  a  damaged  nrtna- 
ttire  occupies  but  a  short  time.  The  spare  :uninture»  will 
be  noticed  sCmding  rra'ly  ni  llie  far  end  <>l  ibe  room. 

At  f)«t  sight,  the  switthl>otml,  whtili  ot-tiujucs  the  whole 
of  one  side  of  the  room,  appears  wty  cumpltcuted,  but  its 
pbin  is,  in  reality,  simple.  The  centre  nl'  lite  boaxi  in 
reserved  for  the  d)hnim>  swttche*  and  the  measuring 
inslniiiicnis  and  rcguUlmg  appliancet  connected  wilh  itte 
dynamof.  In  the  lower  jutt  of  this  section  of  the  Iward 
are  the  adjii.stab!e  rcwKUitcc*,  which  are  jJitceil  in  the  field- 
magnet  circuits  of  the  various  dynanKW.  The  three  central 
frames  contain  the  resislaivccs  for  ihc  held-magnct  circuits 
of  the  continuout  current  dynamos,  nhitri  the  Other  ten— 
five  on  cither  side— contain  the  resistaitce«  for  the  um 
alternators.  Each  of  the  taller  circuits  is  coiiuollcd  by  a 
switch,  and  hxi  an  ammeter  in  it  to  inea.iure  the  current. 
The  two  conductors  from  the  armatuic  of  each  attcjnatur 
are  hrmight  to  the  board  and  are  provi<lc(i  nitti  switches 
and  safety  fuses.  One  of  them  pisse*  through  .in  ammeter, 
to  tncasure  the  eurrenL  'l^ie  pressure  is  measured  by  a 
volimcler  Jn  Ihc  secondary  of  a  small  "  step-down  "  lran&- 
formcr.'  who5c  primary  tcrminails  arc  connected  to  ihc  two 
dynamo  conductorit.  Thc.v:  twenty  ammeters  and  ten 
voltmeter*  oceupy  the  ujiper  purliun  of  tlw  centie  of  the 
board. 

'  The  cmutnitfKin  of  allamle-cvrrcni  lauufamwrt  b  AaetihtA  U 
|KiK«  6Sa. 
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The  cntls  of  cacb  |Kiif  or  fcvciiii);  or  <liatribuiin|;  mainH 
ate  biQiiglit  to  ihc  board  on  cither  sMc  of  the  ('t'lilrc,  and 
both  Icttls  of  a  iKkir  iirc  jirovidcd  with  sirilcba  knunn  a* 
"  double-])o1e  "  switcbM.  One  t-onduaof  of  earli  (Mtir 
passot  through  an  amnictcr,  whkli  nicasuiis  the  currcnL 
The  dynamos  .itc  nut  nm  in  parallel,  l>ni,  by  sinii)lc  l>lug 
connections,  any  dynamo  can  be  put  on  to  any  pair  uf 
maii>s  or  diHlribuion,  and  a  chanj;);  <  nn  be  made  fiom  unc 
dynamo  to  another  with  scarvcly  a  pciLCpiihlv  Hiiktr  of 
tlic  lamps. 

With  thin  irv  intist  conctudv  out  dL-Mii|iiHtn  nt  <  vnitnl 
Stations,  passing  l>y  many  iniciL-sttng  sfimtirir  probWriis 
whifh  present  themselves  in  their  wo  kinj!,  but  wlii<h  the 
space  at  out  disposal  will  not  |>einiii  us  to  enter  upon. 
Later  we  shall  have  Komrlhing  futibrr  10  say  nbotii  the 
syslcina  of  dbirtbutrun  by  which  the  electric  cncigy  gener- 
ated in  ihc  sl.ition  is  conveyed  to  the  ordmary  ronsiimer. 


Other  Applications  of  the  Heotlnff  Efftoot. 

Although  the  eniplDymciit  of  the  he.tting  cfTcct  of  ihv 
electric  current  for  purposes  of  illumination  is  at  pri-xeni  by 
far  the  mocit  imjiortant  of  its  applications,  it  in  by  no  means 
the  only  one.  The  great  advantages  of  this  method  of 
producing  heal  arc,  firsi  of  all,  the  ease  with  which  i^i-  heat 
Ketieraied  can  be  concentrated  at  any  desired  )K>int,  and, 
secondly,  the  almost  iterfeet  control  of  the  amount  genet' 
atcd.  Our  readers  will  tw,  by  this  time,  sufRcien'"  ' 
with  the  properties  and  uses  of  ihe  iniirent  to  rcc- 
thew  advaniagn  r^n  easily  be  secured.  We  ihvt 
not  i^op  to  discuss  agiiin,  in  detail,  the  principles 
they  depend  ;  but  we  may  proceed  at  once  lo  tl 
lions  of  those  principles  to  mrt.iliiirgical  and  ■    " 

Electric  Fomaces- — t'hr  (act  that  the  < 
can  convey  energy  (mm  the  outside  into  au  hun) 
closed  space,  and   Itlteratc  it   there   in  the  To 
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conMituiei  otu:  of  ihe  thief  chnraclcrtsiics  of  eki-Uic 
fumaci^.  No  foreign  materials  to  KU(>[)OTt  combii.stion 
Tcqiiirc  to  be  introduced  into  the  furnace,  and  no  prorluna 
of  conihUKiion  removed.  I'hus  the  materials  to  be  airei.'(cJ 
by  tlic  bviii  arc  I'omiik-tcly  giiard*.-d  against  tht  action  of 
fuel,  wliiUt  (he  licJit  ik  tteiieraivd  in  itivtr  iiii<l!(t  and  nut 
outside  ibc  vessel  conininin^  iheni.  For  several  important 
metallurgical  operations  this  U  an  enonnouH  ndvantagi-, 
and  esiiei'inlty  in  the  production  of  mvtaUic  aluminium,  to 
which  nu  sliall  refer  pre%enil)'. 

Bui  not  only  ia  the  dearie  furnace  avjkikble  foi  large 
inetalluigical  o|>eiations  in  the  arts,  it  is  al&o  of  gtcai  use 
to  the  chemist  in  many  laborator)'  operations,  atxl  ll>i«  use 
of  the  furnace  will  proltibly  l>e  greatly  extended  in  tlie 
(uiiire  A--  fu  advantages  and  conveniemv  liceoine  ntorc 
widely  known. 

Such  a  fiimace  consists  essentially  of  the  <,'leclriir  are 
produced  in  the  interior  of  a  Mitiahle  (^rucib)e  eonlaining 
Ihe  niaii-tial  to  be  acted  upon.  One  arrantfcmcnt  of  ap- 
jtarattis  for  ilie  purpose  is  shown  iit  Fig.  375.  The  crucible 
C  R  is  placed  in  a  imall  chamber,  R,  made  of  rcftactory 
inaleria)  and  having  a  removable  screen,  K,  on  one  sitter 
This  screen  fi>r  many  opuraitons  may  consist  of  deep  ruby- 
red  glass,  through  which  the  changes  taking  |>lacc  in  the 
crucible  can  be  watched;  but  for  the  highcM  Icmperaiurcs 
a  more  refractory  materbl,  »iich  as  udc,  must  l>e  u»c<l  for 
the  screen.  Ttie  carbons,  C  C,  are  inclined  at  right  angles 
lo  one  another  and  45"  to  tl»e  vertical ;  they  can  ca^il)  be 
adjusted  by  hand,  aikd  for  large  currents  the  carbon  holders 
can  be  kept  cool  by  a  Mrcani  of  »*nter  circtilaling  through 
ihcm.  Tlie  chamber  K  ha.i  an  iijH'ning,  II,  at  thi:  top,  by 
•tKh-Ii  ih»  ■««t«ii.li  can  be  introduced  into  the  crucible, 
rrangcinents  for  6lling  the  interior  with 
lite  play  of  the  electric  arc  can  be 
gnel.  A,  which,  in  some  positions,  can 
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make  it  act  as  a  true  electric  blowpipe.  Wjili  a  current 
of  t  sampans  «t  SS  vullsa  icm|iCTature  oi  i,$oa''C  can  be 
attained,  .-indiriih  ii  tijiocinMns  of  the  rare  metals  lutlicnitiin 
ami  (Kntiiim  havt-  liccn  procured  in  suflkk-ni  qiiantiiics  for 
chemkal  cxaminatinn. 


vl 


tls  in.— tlWRiit  I  fataadc  JjfcwiinirT  fc'aniHv 

Tumiiig   now   lo   heavier  work,  one  n(  tl 
achi<^vtMKent):  o<i   the  electric  Tunmce  *  '     ' 
tJuclioi)  u(  the  inetal  nluiniiiiura  at  a  mi 
make  it  avuilaNe  for  iiuny  ordinni 
— such  as  clay,  fclHpat,    sUir,   --i 
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exists  \K  v«ry  plentiful  And  widely  difTuwd ;  but  th« 
production  of  ilio  jioic  nicliil  from  liicm  was  mi  Oilticuli 
that  as  late  as  1S50  itx  (ihre  whk  _^tS  tos.  a  iicniml.  It 
can  now  be  produced  ptotitably  Tor  li-«.s  tlun  5^  per  lb. 
It  is  while,  and  Ihc  Ii{;hlc3t  at  tlic  nicUls  proper,  having 
only  onc-lliiid  the  specific  ^vity  of  iron  and  oiic-fourlh 
that  of  stiver. 

or  the  various  «(cotiicnl  tnelhodA  uwd  for  the  Teducilon 
of  llic  aluminium  ores,  the  Cowles  relics  on  the  hcniin); 
effect  only  of  the  current,  whilst  others,  such  as  the  Hall 
and  the  Heratilt  proccsH.-s,  ii»e  bmh  tlie  healing  and  the 
elcctroljlu:  cflfccl.    The  former  prodiK-et  chicRy  alloy*  of 
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Turninium,  whilst  (he  biter  can  furnish  the  pure  metal  if 
re'piited. 

The    nTran^emeiii   of  the  (Bowles   electric  furnace  ii 

hown  diagram  mat  ically  in  hig.  376.     It  consists  of  a  fire- 

l>iH-t:  box,  (',  enclosin)^  a  Miiall  inner  chamber,  I),  tinu-d 

Willi  limed  charcoal.    Caibon  rods,  A,  A'.  |>rojcct  into  tliis 

nnct  cavity :  good  ckcirical  contact  for  the  large  currents 

Dsed  is  secured  by  passing  the  rods  ihrmigh  Iwxes,  B  B', 

lib  cii]n>er  !ibot.    The  tUiirjje  i-ontplctely  fills  the 

iitibcr,  ;md  consi.>>ls  of  the  ore  to  l>c  rcdmcd  mixed 

■"'jccs  of  clcctTJC'lighl  carbon  to  give  the  mass 

rlivity.     Un  passing  the  current  llic  arc  is 

the    ends   of    the    cnrbun  rods,  and    the 

■ly  rised  lo  the   |ioini  necessary  fur  ilie 


icduclion.     The  Mvy  it  drawn  off  at  it  is  fotnied  from  ihc 
bottom  of  the  furnace. 

In  the  otbcr  processes  a  somewhat  tnon:  comjilicak-d 
amn^emcnl  of  iipparalus  is  used.  In  the  Hifntiill  |iruce»ai 
the  curnMit  is  pnsscd  downwanU  fn>in  a  carbon  nnotle 
through  the  molten  materia]  to  a  ciirbon  crucible  Ibrrulng 
the  kathode.  Alumina,  which  is  an  oxide  of  aluminium, 
is  fed  in  from  time  to  lime,  and  the  |>ure  niclal  is  diawn  of) 
from  the  bottom  of  tlic  furnace.  Currcms  of  ia,ooo 
15,000  amperes  arc  UM'd,  and  Ihe  iirocen  in  contiinious. 
Mr.  Hall  umk  an  electrolytic  bath  of  alumina  dibM>lved  in 
the  double  fluoride  of  aluminium  and  potasiiumi  which  is 
kcpi  fuse<l  by  the  heat  evolved. 

Electric  Weltlinfl^.— AtMlher  operation  in  which  the 
vltKtric  [production  of  heat  (kisksks  nuny  advantajjn  is 
thai  of  u'L-Uling.  It  is  well  ktiovm  that  many  mctah,  of 
which  wiDughliron  is  a  conspicuous  example,  posscw  tlw 
property  of  making  fiiiD  aitd  good  joints  when  the  two 
pief-es  to  be  joined  arc  raised  to  a  while  heat  and  haromered 
ur  prcsK'd  together.  Ever)'onc  is  familiar  with  the  vilbgc 
nmichy  and  ihc  figure  of  the  brawny  blacksntilh  hammering 
the  whiie.hot  iron  on  the  anvil,  not  to  ntenlion  the  more 
massive  operalionit  in  whi(-h  ihe  Nasniylh  steam-hammer  is 
used.  Now,  in  heating  the  iron  to  the  nc<:c«s.iry  tempera- 
ture for  a  good  weld  in  these  old  procvxKei«.  much  more  iroa 
is  hented  than  that  involved  in  the  actual  weld,  and.  more- 
over, the  heating  l>eing  usually  done  in  fuinaces,  only  a 
small  pfopotlion  of  the  heat  of  the  furnatc  is  ically  applied 
10  the  iron.  The  great  advantage  of  an  electric  nicihud  is 
ihal  the  heat  ts  produced  just  at  the  surfaces  lo  be  welded, 
and  that  the  fircalest  juiit  of  it  is  uwfully  employed. 

'I'hcrc  are  two  principal  methods  by  which  this  is 
nccomi>li*hcd.  In  one  a  large  ctcctric  nirrent  it  mad«  to 
flow  acrois  the  two  surfaces  to  I*  welded,  tbeie  .itii&ces 
being  pressed  together  by  suitable  mechanical  devices.     So 
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at  are  ihe  adviinugeti  or  ihiti  mcihotl  tlut  many  mctaU— 
I  3s  copjier,  hma,  tnonre,  lin,  and  olhcn',  wliirh  rnnnol 
be  treated  at  sll  id  the  ordioaiy  way— can  be  firmly  weld*:!! 
togeibeTckctrically.  In  the  other  method  le'cncd  to,  the 
hciit  of  lite  ele<rtric  arc  ii  ditcrted  on  to  the  m-o  adjacent 
surfaces  that  are  to  lie  wcltted  lo};eihcr. 

Drtling  with  the  mcihoils  iii  the  order  named,  the  first 
rei)uiTes  tlut  the  two  inrlt  lo  he  joined  sh^nild  be  broii^lit 
together  and  a  large  current  paused  nrrosi  the  jiinrcion. 
By  a  /fff^  current  we  niein  one  of  couMderahle  in3);niiiidc- 
Thc  mngnimdc  of  the  current  required  may  be  gathered 
from  the  statement  that  to  weld  togetlicf  tvro  round  iron  rods 
one  inch  in  diameter  it  a  eMimated  that  a  current  of  5,000 
amperes  is  ncccssar)-,  and  rods  of  double  the  diameter 
rmjuire  about  ao,ooo  amperes,  fhcsc  targe  cunenis, 
bowct'cr,  like  those  use*)  111  eleclrotypin^  need  only  lie  of 
low  voltage,  and.  moreover,  are  only  retiuiicd  for  a  s.hoit 
tiin&  Thus,  the  tirn  of  the  above-mentioned  weltb  only 
requires  the  current  for  ao  seconds,  and  the  other  is  heated 
in  80  seconds. 

1'iro  different  ways  of  procuring  these  Urge  currents 
may  t>c  adopted  in  actual  practice.  The  first  consists  in 
using  a  low  volUf;e  and  large  current  dyiiamo  similar  lo 
those  already  rcfcned  to  in  connection  with  clectrolyping 
and  plating.  In  this  case  the  work  is  brought  close  up  lo 
the  dynanto,  so  as  to  avoid  the  loss  of  power  that  wotild 
be  involved  if  long  Icid*  had  to  be  employed.  We  do  not 
pro|Knc  lo  refer  in  detail  to  this  method,  as  the  proper 
dynamos  have  already  been  described,  and  the  el.imps  and 
apparatus  are  much  Ihe  same  as  are  used  in  the  other 
method. 

Thi^  other  incihod  employs  alternate  currents,  with  or 
witltout  tr.insformeTS.  ITic  latter  instntmcnis  will  Ix:  fully 
descnbed  in  a  subsequent  section ' ;  for  our  present  purpose 
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k  is  ftiiflicient  tu  cxplnin  t)iJt  Ihejr  can  triinslonn  M 
alternate  currcni  gf  modcmtc  pressure  into  a  niucli  lnr|;cr 
cuTTcni  at  a  romrspondingl^  lower  pressure.  Such  a 
weMiiij;  Irari-ifnfiiier  I'or  tiiull  work  h  .^ttovrn  in  Ktg.  2jj. 
The  ilynanto  i-urrciii  b  lin>iii(ht  w  xhv  mnsfurma  by  the 
fine  wirei,  and  passes  through  the  windinf^  tm  the  lam- 
inated iron  ring.    The  alicrnniing  nugnetk  flux  so  set  up 
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threads  through  the  two  cmb,  CC,  each  consbtinK  oi  a 
single  turn  of  heavy  copper.  Ai  A  nitd  A'  there  arc  gaps 
with  Miitnble  clnni)K(  arranged  on  ea<:h  ikic  »f  the  t^cap  in 
which  thi:  i^eces  lu  lie  welded  are  fixed,  and  [ifessMi  to- 
gether )>]-  the  k'vL'rs  The  iriB^^^taneni  (lows  acrou 
thr  joint  Hbi'iL-.  )r>v<':^c  of^^^^^^B  trrc.il  amount  ol 
heat  is  gcncr,ii(  rises,  imd,  as 

the  meul  '  'ivard  umil 

the  «d<l  '  i.  9  "dd 

or  twi' 
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coin|)l«ted  in  so  sec^onib  with  an  iiulu<:inl  current  »r  nboiil 
5,000  impure*. 

The  other  [>rocc3S  uf  welding,  known  as  the  Bernardo's 
protcM,  employs  th«  heat  of  the  clcciri<.  arc.  The  iiiclals 
to  be  wrldi.-<I  Arc  vonm-i  ted  lo  the  ncgxiive  mnin  siiii)ilying 
the  cuncDt,  and  the  jiouitvv  main  it  conneued  to  a  mov- 
able carbon  held  in  the  hnnd  of  the  operator  tn  a  suitable 
holder.  A  convenient  form  of  holder  is  shown  in  Fig.  aj8. 
Thv  conductor  passes  ihrougli  a  wooden  handle.  A,  in  front 
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of  which  it  a  |>Tolecting  iheet-iron  screen,  S ;  at  the  other 
«nd  the  carbon  is  licld  in  a  metal  damp,  to  which  the  con- 
ductor is  connected.  The  carbon  i*  moved  over  the  .•mtfaec 
of  the  materials  to  be  weldd  nnd  a  jmwerfid  arc  struck 
quickly  r^iiMng  the  tcmperAture  to  the  woldinj^  or  fusing  point. 
The  nielliod  of  u.sin^  t)ic  arc  to  weld  two  upright  plates  is 
sboirn  in  Tig.  379.  In  this  case  the  metal  ix  aatxally  melted 
and  is  confined  whilst  fluid  by  tlie  carlnm  bti>cks.  C  C", 
BlattlDf,  Ate  —  The  Lui  apptkation  of  the  heating 
ve  can  notice  is  thai  in  which  an  fl«trie  futt  a  used 
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Tor  igniting  gunpowder,  dynamite,  or  other  cxplosivco.  from 
.1  -toie  (JiMiinct,  citlu-r  (or  indtivtrMl  or  warlike  i>iir|>nMrs. 

Instead  or €in|>to) in;;  a  vlo<r'tHi(nin>i  itiJicli  i>r  fuse,  with 
ill  ihc  cUngcr«  and  iincertjin(i«s  that  accom|wuiy  its  uw. 
lh«  igniting  art.ingcmcnt  consi^s  of  a  smjll  quaniiiy  of 
eiinitdwrl«r  in  3,  tube,  hnbcdilird  in  iIk  |>au-dcr  arc  tbc 
ends  of  two  copper  conductors  brought  close  logeitK-r  and 


I'W-  rr*-— KlKiik  Wildiac  •ri>«  Iran  ruw 


joined  by  a  piece  of  fine  plaiinum-iilver  or  platinum-iridium 
wire.     Copper  conductors  ate  conneeittl,  li  Mc 

terminals,  to  flexible  leads  which  can  )>e  (_,  le 

baitet)-  and  iwiKrht-*  at  a  safe  distance.     On  i;c 

curreni,  the  liltlc  Wid^c  of  pbtintim-silver  wiu   i 
while-hot  sujd  ignites  the  powder,  which,  in  tn  """ 
the  fun  clurge  fur  the  blast.    Such  fuses  .:an  ol 
used   for    sulMnarine  minCM,  and    in  other   t 
ordioary  »low  fuses  an  out  of  the  iftickti' 
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CHAPTER    Xill. 
APPUOATIONS   OF    THE   MAONETIO   EFFECT. 

However  intcrc^ing  .ind  &p1cndi<I  the  ;i|i[jlic.i lions  of  the 
ThcTmal  effect  o(  the  clcctin:  current  inny  l)c,  they  have  nut 
as  yet  become  of  such  enornioas  socul  or  Goancial  import- 
ance as  the  applicalions  o(  ihe  ,Md|;nctic  effect,  though  in 
process  of  time  it  is  pouible  (hey  in-iy  rise  to  an  e()UAl,  if 
nut  to  a  higher,  position. 

We  have  bticlly  referred  in  our  introductory  lines  to 
some  of  ihc  (xofound  changes  vrhich  the  tlev'dopracnt  of 
the  elet-tric  lclegrii])h  ha-t  wrought  thiiiup;hoii(  thi:  -uKal 
fabric  of  modern  life,  and  the  spread  of  telephonic  com- 
munication is  even  now  intensifying  and  coiisolidacing  those 
changes.  Whetl^cr  the  changes  have  brought  with  them  a 
lutitiaiitial  adihtion  to  the  sum  total  of  human  happin(.-»,  it 
is  not  for  us  to  disctus  here,  thimgh  we  may  freely  admit 
that  the  blessing  has  not  been  an  unmixed  one.  But  turn- 
ing from  the  social  to  the  scienlilic  aspect  of  the  question, 
no  thout^hlful  man  can  be  blind  to  the  wonderful  results 
that  have  been  achieved-  results  which,  ihroiighoui  the 
limits  of  this  small  earth  of  outs,  have  almost  succeeded 
in  annihibting  time  and  }]x)ee  in  placing  man  in  com- 
munication wUh  his  fetlow-roeD,  an<l  whiih,  iii  thi»  respect, 
ha\'e  outstripped  the  wildest  drcains  uf  even  the  poets  of 
foitnct  a^KS. 

At  nrrtent  not  only  socially  and  sticnlifically,  but  also 

ipital  invested  and  in  ilie  numbers  who 

ctcin.  the  electric  lelegrai^  lakes  pre- 

pplicntions  of  elccttidty  to  ibe  scrvioc 
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of  mankind.  Thnt  this  it  Ihc  case  will  be  •dmlltcd  when 
we  Slate  thnt  the  lotxt  length  or  the  Innd  lines  conHtrncted  la 
the  cud  of  1891  wai  1,001,401  miles,  and  the  suhmirina 
cables  at  the  same  dale  weic  164,610  miles  long.  Th« 
mone}-  vnUie  of  thirsc  bndtincs  is  estimated  to  \tc  over 
f>o  millions  xieriini;,  and  tlie  amount  "'  i>rii-*te  r.ipiu] 
embarked  in  cable-work  wfi.-i  over  .16  tnilliuns,  exclusive 
of  the  value  of  the  cables  owned  by  various  Go*'cmmcnts, 
Those  figures  far  exceed  anything  th.it  electric  lighting  can, 
as  yel.  .nii|(ronch. 

In  dealing  with  !>■<.■  applicaiioni  of  the  ntittneiic  effiect, 
we  shall  first  treat  of  the  t^lric  teli^[niph,  and  then  pats  on 
to  ihc  still  more  wonderful  achicvcmcni^  of  the  Iclcphone  ; 
after  thai  there  will  only  remain  some  minor  applications— 
not,  however,  unimportant  in  iheir  w^y— sudi  as  electric 
bells,  fire  and  burgtai  alarms,  ciccuic  timc-ltecping,  an']  so 
forth. 

The   Eleotrlc   Telegraph. 

Historical —It  may  surprise  some  of  our  younger 
readers,  wtio  ha\-e  not  in  their  lifvtinic  witnessed  the  rapid 
devdopmcni  of  the  last  fifty  years,  to  lie  told  that  ihe 
whole  history  of  irlcetric  telegraphy  is  to  be  sought  within 
a  )>cTiod  of  less  than  one  hundred  and  lifiy  years.  ICven 
those  apjiarenlly  uhi(|uitoiis  invcntunt,  the  Chinese,  have  mt 
been  able  to  |v.it  in  a  claim  that  in  this  direction  they  foro- 
stalled  the  outer  barbarians  by  a  few  odd  thousands  of  yeaix. 
Thus  the  triumphs  of  the  telegraph  cm,  without  fear  of 
contradiction,  lie  entirely  ascrilK<l  10  ^Ve-itf^1  riviliic.itii 
science,  and  enterprise. 

Short,  however,  thcMigh  the  t^i  * 

might  be  supjxxted  to  discover  1  <!st 

atlnnpls  to  communicate  over  I" 
electricity.     This  is  due  10  the  ti<->  ., 
not  attract  much,  if  any,  notice  at 
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TCCord*  me,  ihererore,  often  burie^l  in  unknown  and  non- 
sdentlflc  {>ul)licalion&. 

The  first  actual  attempt  on  record  was  made  by  an  ex- 
pctimcntci  irho  dewribed  his  method  in  an  anonymous 
letter,  dited  ihc  iw  of  Febniary,  i/sj,  and  ptiNiKhcd  in  the 
Sn^tt  MagasiHf,  in  Edint)utgh,  over  llie  initials  "  C.  M." 
There  is  verjf  little  douht  now  that  the  wriici  of  this  letter 
was  Cluirlcs  Morrison,  of  (irecnock,  and  thai  his  dc«irc  to 
conceal  his  identity  uai  due  to  the  fear  that  bis  neigh- 
bours f^hould  attribute  his  cxgKTinienis  to  witchcraft. 
Indeed,  he  does  not  seem  to  ban-  thu*  duanned  his 
fanatical  and  bigoted  friends,  for  eventually  he  wax  com- 
pelled to  emigrate  lo  the  New  AVorld,  it  is  supiiosed  to 
eiuai^e  thdr  ]>erteculioiis. 

"C.  M.'s"  method  consitied  in  ronneaing  two  places  by 
twenty-six  separate  wires,  one  for  each  letter  <)f  the  alphal)ct. 
These  wire*  vivw:  siijiporn-d  on  suil.ible  poles  and  insulated 
with  jcwellcT's  ccmcni.  'I'he  ends  were  placed  in  con- 
venient positions  for  being  separately  clccirificd  by  means 
of  it  frictioival  niu-liine  when  sending  a  mv^i^ige,  and  when 
receiving  a  ^usi>cndcd  ball  connc<:tc-d  to  each  wire  was  so 
placed  that  on  electrification  it  attracied  a  i»ecc  of  paper 
on  which  a  Iciter  of  the  alphabet  was  inscribed.  By  the 
successive  riiings  of  the  different  piei«s  of  jupcr  a  mes^n^c 
could  )>c  s{}<'llcd  out.  Various  devices  to  facilitate  the  work- 
ing wi-tc  also  describe<l  in  the  Iciter. 

During  tlw  eighty  year*  tliat  foltowcd  "C  M.'s"  letter  lo 
the  Sw/i  Ma^iisiae,  various  projMMaU  were  made  from  lime 
to  lime  with  the  view  of  utilising  eletittcily  for  i>or|>o«<:s  of 
communK'ating  Iwlwcen  distant  places,  '^  Before  Volta's  dis- 
coveries the  only  means  available  were  sudden  djicharfjes 
sent  along  conductors  from  rti<^ttonnl  electrical  machines  or 
from  l.c)-dcn  j.irs  In  1774  I.e  Sage,  of  Gctic\-a.  and  in 
I  jvs  Salva,  |>roi>OM:d  that  the  different  condtirtors  should 
ijc  made  up  into  <  cal>le  instead  of  being  ke|>l  .i|xin  as  in 
K  K   3 
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"C  M.'8"cxpcTimcms.  In  i787,bowc>-cr,  LomgnO  sliowc< 
ihst  ihc  twenty-six  wires  might  l>c  rcducvd  to  one.  ('hai)j»c, 
the  inventur  of  ihc  scmaptiotc  tclcgT9)>1i,  tiled  a  system  o 
electric  te1c(;ra)>hy,  Sut  the  moat  practical  at1vin|)i  with  ihi 
shove  niuns  wa«  nuck  by  Sir  Francis  Ronalds  in  i8:.t ;  and 
we  regret  tliut  we  h-ivc  not  siiaci;  to  dvAcrilM  Konjld's  tele- 
graph in  detait.  He  lued  tiK  discharges  from  a  cylirulric 
eleciiic  machine,  which  he  sent  through  a  wire  i-ncla«cd  in 
thick  gUss  tubes  and  bk)  in  wooden  troughs.  At  ilie  disUnI 
end  ihest;  ili.schni^-o  caused  u  {Uir  iif  (lilh  lialU  to  diverge  at 
Ihc  mstant  when  two  syrKhrnnou&ly  niuviog  dials  at  the  two 
emit  exjKMcd  the  rvquincd  s^nal,  'I'he  chief  pnKttcal  iliRi 
ctdty  in  .-lit  ihcsc  altcmp'^  ^"''^  <^>t  of  innilatton.  Th< 
curienis  u.ted  were  of  >iu'ti  hi]{h  volla);c  tlui  the  insulation 
of  the  conductors  wjs  speedily  broken  down. 

but  \'oli3')^  and  (.iahani's  diseovcrtes  pbced  at  tltc  dis' 
I>osal  of  ihe  iiiventiK  a  low  voltage  cuirenl  whkh  could  ht 
tnaimairtcd  at  [>)ui!iiire  for  an  indcltnite  jKriod  of  time. 
Accordir^ly  ve  find  that  as  early  a5  i$oo  Salva  |>r»puKed 
(o  UM  galvanic  iniirvnis  for  >ignalling  purposes.  As  yet, 
however,  all  the  piopeiiiei  of  Uie  cuircnl  liad  nol  b«cii 
diu'ovcred  and  investigated,  and  accordingly  Salva  cmployet 
a>  hi.s  receiving  .-ippatalus  frojjis"  legs,  )>rcj>nied  and  citniiecto( 
up  as  in  (lalvani'n  classical  eupcrinienU  I.^er  (1S09).  wbct 
the  chemical  effect  of  tlK  cunent  was  better  understood 
Somrncring  invented  the  ckctroljtic  telcgiaph,  (hown  re 
lig.  jSa.  'ITic  cuircnt  was  obl.iined  from  llic  Vulla  Pile  sceo 
at  tlie  hack;  the  sending  utMiumeni  on  the  tight  was  simfily 
a  convenienl  anaogemeiit  of  tweniy-scven  contact  pieces, 
by  which  the  coil  could  be  connected  up  in  ciicuii  with  any 
luii  of  the  tweotyseven  nircs  by  wh-i  the 

receiving  initiumeni  uo  ihc  left,     hi  "ail 

a  particubr  letter  or  stun  maiked  opp< 
wire  citded  in  a  gold  pin  fixed  in  i 
box  containing  acidubied  w;utt.     W 
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along  any  pailinilar  pair  of  wires,  hycirogcn  and  ux)^n 
were  liht-ratctl  at  ihc  tcsj>cctiv«  pins,  and  thus  ihe  Mgnal 
wa.t  indicated.  With  this  appamtus  Soiiimering  telegraphed 
lliroi^h  wires  z.ooo  feet  Ion);.  Ixil,  for  olivious  KJisons,  il 
never  came  into  practical  use. 

The  discorcry  of  the  magnetic  effect  of  tlie  ctiTrenI  by 


nt  iSn— SommniiiE'i  ElKlnlyiic  ttttsft^. 

Onlcd  in  iSio  cniitety  clianjied  the  aspect  of  the  cjnution ; 
but  «till  it  vras  not  until  ibiilecn  years  later  that  a  piaciically 
aucees&ful  result  was  obtained.  Ainpirc  in  jSio,  I'cchncr 
In  1S39,  and  Ritihic  in  t830,  successively  allacki-d  the 
problem,  but  dkl  not  piodurc  anything  practical ;  ttioy  each 
Td  se)Kirate  circuits  for  each  »ignal  that  had  to  !)«  tranc- 
ed.    Scliilling  in  1831,  u&ing  Scbtreigccr's  Multiplier 
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(p«ge  338),  and  only  a  single  meullic  circuit,  wnn  miwit 
more  -tucccssful.  nn-  dilTtrcnt  tellers  were  indk-aid  hy. 
diiTercnt  combiiiatioiii  (if  the  m(ivetn«iits  or  llii^  Dcudlc  ol 
thf  multiplier  10  out'  side  or  ihc  other,  and  thus  Srhillin^tft 
Tclcginph  was  not  only  the  forerunner  of  the  needle  (nstni-> 
rnciits  aflcrmtrds  «>  extensively  used,  bill  oImj  of  the  now 
widelyknown  Monie  code. 


Fit.  )ti      WlxuiMnt  Md  CotlN'i  nn-K«e«e  Ttlc«n^ 

Gauss  and  Weber  (1833)  Mill  further  dcv. 
Hng's  Telegraph;   ihcy  replaced   the  light  nt.   ., 
multi|>liei  by  a  heavy  suspeoded  nia^ne!   ncnrly  fgtu 
long,     riiis  m;igiict  h.vl  a  mirror  atiat  li«d  to  i| 
menu  of  which  were  olxwriiil  h\  means  of  a 
scale  :  and  thus  this  telefitapbic  device  was  tlM 
the  much  more  scnsitiw  "  miiror  "■ 
de«:filie<l. 
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Tlic  year  18,117  m.irk«xn  imporLinl  epocti  in  (lie  (k-i'clop- 
ment  of  vWirii:  tck-gt.iptiy.  Simiiliam-oiiMy  ;tn<l  inckiieml- 
cnlly  in  tiifc«  dilTcrcm  couniricH  |iia'*ti(^il  solutions  ol'  ihe 
[irobk'iH  WL-rc  worked  uu(.  The  liunour  i»usi,  iheKfon;. 
be  dbared  between  \Vhcatstonc  niMl  Cookc  in  England 
Morse  in  lilt  llniu-d  Suic«,  and  Stdnhcil  in  Oermsny. 

WlirttsUinc  und  Ci"ilct;'»  firit  k-legraiih  i»  rcprcstiUcd  in 
Fig.  iSi.  Five  circuits  were  eiiiidoyed,  in  each  of  which 
was  placed  «  g.ilvanouiclcr  coil  and  a  break-circuit  key. 
The  keys  can  be  seen  M  (he  front  of  the  apjuiratus,  but  the 
coils  are  at  the  back,  and  each  surrounds  one  nn-dle  uf  an 
astatic:  |»ir  (pn^  359)  of  which  the  other  needle  U  seen  iit 
the  frunl.  The  astatic  needles  aic  on  pivoted  axes,  and  arc 
weighted  so  that  eiich  pair  itands  v^nicAlly  iriicn  no  ctirrcnt 
i«  passing  ilirotijih  its  t^iil.  On  llie  [lAiu.ige  of  a  ciiirent 
throujjh  any  coit,  ihe  coiresponding  needle  dcflccis  to  one 
side  or  the  other,  and  l>y  the  simultaneous  movement  of 
two  ncedlcK  any  garlicuUr  letter  itt  indicated  as  shuirn  oil 
the  diamond  shaped  dial.  An  instrument  of  this  kind  w^s 
placed  at  each  end  of  the  line,  and  the  si{;nals  were,  there- 
fore, made  simuliancously  at  both  places.  The  great  dis- 
advantage of  ihi^  apiiaralu.s  wa»  that  it  required  five  wires 
for  eatrh  conipkie  line,  and  thus  was  somewhat  co«ly.  The 
London  aod  Uimiingham  K.iilw.iy  uwd  it  over  a  disuuice 
of  I J  mile*,  and  ihc  (ircai  Wcrfern  cofulruaed  a  line  ^9 
miles  lonjc,  hut  would  not  incur  the  expense  of  a  lonj^er 
one. 

IMicatslonc's  great  ditBctilty  at  first  was  to  consCiuct 
dcctro-magnets  which  cuuld  be  worked  through  long 
circuit*.  The  bw  of  the  cleciro-maKnct  {^iven  on  page 
loj)  was  not  (hen  generally  known,  though  in  all  its 
lit  had  been  dtMovcrcd  by  l'fofc«or  Henry  in 
in  i^li.  An  cleclro-nuKuet  was  uuially 
ny  ^auj^e  of  wire  thai  happened  to  be  at 
int,   without   reference  to  the  current 


56S 


ThS  ElSCTKIC  COKKSIfT. 


avsiUbIc  tor  cxc-iiiitg  it.     The  lnj«  law  ai>|>fSTs  lo  hen 
1>cen  |>oinlcii  oul  by  Wtnry  hiinKir  to  U'iKalslonc, 


he  vUiuxl  a(  Kinj:'*  CoJkge  in  Apdl,  1837,  and  after 
|he  alwvc  dilliculiy  ceased  10  be  troublenmic.  /j 


Mouse's  fii/fsr  TetecKAHi. 
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Itc  sigiaK  in  U'hc.iistoiH-  and  Cooke's  lelcgraph  were 
not  autoiii.-tUcjilly  recorded  liy  the  ai>|ur.-itii.i.  Mone,  Uking 
up  a  diHcrent  line  of  development,  ntieniixed  from  the  first 
to  protluce  3.  record  of  the  nx^fliage  received.  His  uriicst 
successful  apiuratus  is  slmnii  in  V\^.  i8t.  It  ron^iKic*!  or 
an  eIeetro-m«gn«t  E  mounted  on  .1  framcwink  te  fixed  m 
the  uNc.  The  nrn).iture  of  llic  c-lectro- magnet  was  attached 
to  a  |»endulum  cU,  suspended  nl  o  and  carryiiii;  a  pencil  at 
its  lower  end.  Underneath  lUU  |Jencil  a  paper  ribbon  was 
drawn  owr  the  rollers  rKr,  hy  means  of  the  clockwork  A. 
\Vhcn  the  |iendutum  vms  at  rest,  the  pencil  simply  traced  a 
strait  line  on  the  jiapei ;  Ijul  whene»'er  it  was  jerked  to 
one  Mde  bjr  the  pull  of  the  electn>-ma);itel,  the  line  became 
zig-jiag.  The  sending  in&ttumcnt  used  to  produce  the  pre- 
arranged signals  is  shown  at  the  lowr  part  o(  the  figure.  A 
pivoted  lever  I,N  was  weighted  at  one  end,  N,  and  al  the 
oihtt  carried  a  spanner,  which,  when  that  eml  was  de- 
pressed, completed  the  circuit  by  connei;tiTig  the  two 
mercury-cups  V.  To  raise  the  end  S  of  the  lever,  and 
so  depress  the  far  end,  a  series  of  metal  types  of  the  sh^pc 
shown  at  t  and  3  were  set  in  a  frame,  and  were  passed 
underneath  a  pTo)eciion  bcktw  N,  thus  raising  the  lever  and 
ahernalcly  making  and  breaking  the  nrcuit  at  V.  In  tliis 
way  Ihe  pendulum  i^II  was  alternately  attracted  and  released, 
and  a  xig-iag  line  wiiltcn  on  the  jiapcr  rl^r.  At  firsl, 
Morse  llsed  nine  types,  representing  the  first  nine  figure*, 
1-9,  and  he  constructed  a  code,  according  to  which  dif- 
fereiu  comtHnalions  of  the  (igurec  were  to  represent  dtfrercnt 
words.  Later,  ihb  was  replaced  by  the  well-known  Morse 
code,  which  we  shall  refer  to  prewntly,  A  speciuien  of  the 
writing  of  this  machine  is  given  it)  Fig.  38,t-  The  numliers 
mean  •wvwYllnw.-n*  >v.  i(^  "Successful  Attempt  with 
Te 

4tead  of  battery  currents,  in- 
rd,  which  were  obtained  by 
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movinj;  a  fHiir  of  coiitt  past  th«  poles  of  a  poK-rifut  nuiifnet, 
and  ())<:  apjiaralus  was  so  arranged  that  a  cuTreiii  could  be 
sent  in  cither  dircciion  at  pleasure.  Al  ihc  rcceiviiijt  end 
thne  nincnls,  pacing  through  a  coil,  aclcd  upon  one  or 
olhi-r  of  two  bainnceil  magnets,  causing  Ihc  mngm-t  moved 
cllher  to  aitike  a  bell  or  make  a  mark  on  a  moving  ribbon 
of  pa|>er.  I1ic  strokes  on  the  bells  or  the  mjirki  on  the  paper 
represented  certain  letters  accordinj;  to  a  pte-arranfjed  ccxle. 
The  greatest  sctvii-e  that  Sicinhcil  rendered  to  tckijntphy 
was  the  <Ii»njvx-ry  of  the  possibility  0^  using  ihc  earth  as  ilie 
return  pari  of  ilie  timiit.  l*reviously  dwible  wires  at  least 
had  Ijccn  thought  ilecessatj'— one  to  convey  the  current  to 
the  diMaiit  end,  and  the  other  to  bring  it  back.    Steioheil 

■■''It.  >*i  -  il«»t'-  Pli-i  WiiiHfi  U<tU(c. 

discovered  thai  one  of  these  wires  could  he  diKpenKcd  with 
by  connecting  the  tvo  points  of  ihe  circuit  l>etween  which 
it  should  pass  to  large  pUtes  sunk  in  the  earth.  The  cailh, 
lidng  a  conduclor,  acted  instead  of  Ihc  rctuin  nirc,  for, 
although  Ihc  niateiials  of  the  earth  are  not  35  good  txin- 
duciors  iu  C(^>|)er  or  iron,  the  low  i»nducttvity  is  COQ- 
pcosatcd  for  by  the  enormous  mass  of  the  conduclor.  In 
fact,  both  calculation  and  experiment  show  that  the  ne- 
KiMniwe  of  this  nntirn  jialh  is  verj-  small,  bcinj  imifpmileoi 
of  the  distance  a|uirl  of  tlie  i-artb-pblc»,  am!  itg 

on  ihnr  siic  and  the  continuity  01'  iheir  <.<■!. •.u^'.,,,^  ..i^n- 
nexion  lo  canh.  'ITiis  is  a  mosi  curious  result.  •«  «  *'"• 
the  additional  one  that,  tvowin-r  many  a 
bein^  UiKil  by  dilfeieni  dri^iiils  al  Uie 
cuireni  finds  its  way  bock  tu  its  own  bn 
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The  abo\-e,  the  fiw  early  Kucceuful  nll<nn|>ls  «l  cU-dric 
telegraphy,  were  made  in  1837.  1  Idling  the  intcrvL-ningyLwrs 
gical  improve  men  IS  in  details  hjivc  bccii  introduced,  without 
which  the  telegraph  could  not  have  liccit  a  conimcrrial  and 
NOcinI  «iK*c<:»s.  Though  inlCTesiiii|t.  it  would  he  i«dioux  to 
Tollow  ihe^e  imiKDv-enieiitH  step  by  step,  nnd  we  thetufore 
propose  now  lo  omit  [lit;  intervening  peiiod,  and  to  describe 
a  fcw  of  the  more  important  and  widely-used  modern 
systems  and  inslnimenis. 

M0t>ltHN    OVI.KI.AMI     rf^l.r.(iK.M-)tV. 

The  fundarnvnuil  principle  upon  w.liit:h  ih<!  m-orking  <»f 
all  modern  eleeuic  leiegr«plis  (le(iends  is  extremely  simple;. 
The  reader  is  already  familiar  nith  the  fact  thai,  sUhough 
the  necessary  electric  [wessure  be  present,  no  electric  current 
will  llow  unless  a  complete  conducting  circuit  be  provided. 
.\  short  non-conducting  gap  in  any  fyart  of  the  circuit  will 
prevent  the  flow  of  the  cuncnt,  and  therefore  prevent  the 
jiToduetion  of  its  cluracleriilic  eflects  in  any  ether  fart  at 
tlie  circuit.  In  order  lo  communicate  between  two  distant 
points,  we  liave,  therefore,  only  to  arrange  at  one  of  these 
points  a  saitnble  apparatus  for  making  visible  some  eRei  t 
due  to  the  current,  and  piuvide  a  complete  conducting 
circuit  between  ihc  two  points  containing  a  suitable  source 
of  electric  pressure.  If|  then,  u  »hort  gap  be  .irrangcd  at 
the  other  point,  vhieh  can  be  opened  or  bridged  at  pleasure, 
s  series  of  sifimls  can  Le  produced  at  the  distant  place, 
which  can  f>e  combined  into  nn  intelligible  message  ac- 
cording to  any  pre  arranged  plan. 

The  partirsilar  effect  now  almost  universally  emplo>'ed 
to  iiKficate  the  0|H;niiig  and  the  closing  0/  the  circuit  at 
the  sendinia:  end  is  ibc  lUBgneiic  cfTcct,  in  some  one  q( 
the  numerous  forms  in  which  its  presence  can  be  made 
apparent.  I'incikal  systems  of  li-legrajihy  in  which  the 
chemical  effect  is  cm|>lo)*ed  luve  been  devised,  and  some 
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of  then)  laiht-T  cxii-nsivvly  used ;  but  iheic  arc  now  nlniMl 

Kolwithstanding  ihe  exliemc  simpticJiy  of  tlic  funda- 
mental principle,  ll>c  cvci-in':roasiii(;  retiiiircments  of  mmlctn 
tclcgmpliic  intctcourtc  have  ted  to  ttic  claboraiion  and  cun- 
stniction  of  many  btjiutiful  and  «>ine  coniptjcaied  picoei  of 
a{>|utAtiu  mid  syKiems  (Icnigiti-d  to  Nati.sfjr  these  retjuifC' 
m«nt-v  The  opcitiiif;  aiid  clotting  of  ilic  circuit  »i  the 
sending  end  may  be  accomplished  by  hand,  various  patterns 
of  "kcyi"  being  used,  or  by  simple  mechjinism,  the  Utter 
licitig  eKcKmvely  cmplojed  where  high  s|Ked  ix  required. 
Similndy,  the  receiving  inKtrtimeniti  tnaygive  visiinl  ur  aiiml 
signaU  wtiif-h  arc  not  mrorded,  or  the  in<-uaije  may  l>e 
recorded  in  pre-urangcd  diaraclcts  and  read  off  mXax- 
quenily.  In  high-speed  working  only  recorded  mcssogeii 
can  tie  rei'vi^'cd,  as  the  sigiiab  are  far  tcio  iui>id  tu  l>e 
followed  either  by  the  eye  or  the  car.  lastly,  various 
systems  of  arranging  the  iransmitlii^  and  receiving  in&tni- 
mcnis  have  been  devised  in  the  intercsis  of  increased 
e<'onoc»y  or  iiicreutcd  *|>e«d  of  working  ;  ihew  will  be  xontH 
tonveniciUly  described  separately. 

The  Code. — 'lite  various  instruments  and  systems  will 
be  more  rasily  ur>derstood  if  the  details  of  ihc  signalling; 
code  most  often  uMd  are  lint  cxplaim-d.  It  lias  been 
alrrady  {loinied  out  ibal  Schilling  was  the  first  to  shtiw  thai 
/nv  distinctive  signah  only  aie  re^^uired  lo  produce  by  their 
combination  a  code  available  for  all  iIk  purposes  of  tele- 
graphy. The  code  now  imivcrsally  follotrcd  is,  however, 
not  that  pro|x>ied  by  Schilling,  but  one  subseqtwnlly 
arranged  by  Morse.  In  devising  it,  Mone,  by  an  eUhoraic 
analysis,  arranged  the  letters  of  the  alphabet  in  the  order 
of  the  frequency  with  which  ibcy  rectir  in  sentences  of^ood 
standard  Kng1i$h.     lie  then  '  the  shorli.  .  to 

tht:  moul  frwiucnily  reciirriii^  ,.,.-..  .jge« 

raiglit,  on  the  average,   be  Intr  fuwest 
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number  or  indciKndenl  signals.  In  the  fotlowint;  liihlv, 
shovinf;  ihc  "  Motse  Code,"  the  tuo  cliittinctive  s-ij-iials  aic 
represented  by  shoR  strokes  (or  /Mi)  and  toog  slrokes 
(or  Aitha) : — 


»    .   — 

P 

b    —  .  .  . 

c    —  .  —  . 

1 

«1     -  .  . 

0    . 

f    ..-  . 

1! ■ 

h           .  . 

k     -     , 
1      . 

m  —  — 

n     - 

o     - 

4 
5 
6 

7 

8 

9 
a 


On  cxatm nation,  it  vrill  be  found  that  no  singk'  leitefl 
ha-i  more  tboit  four  signals  assigned  to  ti,  ihax  figures  are 
denoted  by  fii-c  signals,  and  marks  or  punctuation  by  six. 

The  above  code  is  ai'jiticablc  vrhiTcvof  two  dUiiac:iiviej 
signals  can  be  |>Todii<:cd  and  oliNcrvcd,  :uid  Li  vciy  widely^ 
used  for  oUicr  |>ur|>oses  ilwn  tliosc  of  electric  tetcgt.iphy. 
Thus  it  is  ciii]>loycd  for  flag-sigiulling  for  military  piiT|>oscs 
in  the  field,  for  the  "  heliograph,"  which  coniiiunds  a  longer 
range,  for  semaphore  signalling  between  the  vessels  of  a 
^luadroD,  and  also  in  other  directions. 

Tit  Trawnitting  hslruoietits. 

To  transmit  an  ckciitc  signal  ilic  simplest  method  is 
to  »|wn  or  ckxtc  a  circuit  containinjc  a  baiiety  and  a 
receiving:  instrument  of  MKne  kind.  To  do  this  a  key  of 
llic  siuiplcM  dcscriiHion  is  all  that  is  necessary,  nnd  the 
working  condiiiom  aic  amply  fulfilled  in  a  key  invented  by 
Morse  himself  and  widdy  used. 

I'hk  Morse  Key. — <C)ne  form  of  this  key  Is  llliutnited 
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in  Fig.  jS^.  It  ronsi»is  of  a  Mraifjhi  iiwlal  lever  W,  pro- 
vided wilh  a  handle  G,  and  rocking  about  an  axle  I)D'. 
At  the  back  end  of  the  lever  is  a  contact  point  resting  on  a 
knob  <■  iirojectinc  from  a  slab  N  of  brass:  'I'lic  eontart 
point  can  be  adjusted  by  ihc  screw  S  and  the  lock  nul  *, 
This  point  is  alwsy*  brought  into  eonlact  with  c  by  the  [xill 
of  a  spring  /  whenever  tlic  haivdic  G  is  rdcaMd.  Another 
(ontari  piece  i.i  fixed  on  the  undcT-!>>dc  of  the  lever  near  the 
handle,  and  when  the  latter  b  deprctscdr  strikes  ngninal  n 
])fojcciion  a  fixed  on  i)il-  lirass  tvlock  V.    Tin-  axle  I)L>'  ii 


mounted  on  a  tliiid  brass  block  M,  and  wires  lo  connectj 
die  various  blocks  to  the  telegraph  lines  or  ibc  inslrumcnL„ 
as  may  be  rcjuircd,  can  be  aliacht-d  to  the  «:rews  n,  d,\ 
and  f.  It  (hrrcfurc  fullonts  thai,  when  die  handle  G  ."  ' 
dcprcsscil,  ihc  wrrc*  attached  to  ibe  btock.i  M  and  V  ai_ 
cicrlrically  connected  through  Ihc  a\k  PD",  the  lever  Ml 
and  the  contacts  at  a.  On  ihc  olhcr  hand,  when 
role-iscd,  the  wires  attached  to  M  and  N  arc  in 
communication. 

Tub  DouaLE-CtiwiBNT  Key.— In  some  «j8 
telegraphy  which  ate  Ut|{ely  used  in  ^■^^  i  iv  ih 
icquUcil,  when  sending  a  si>:nal,  to  i  nr* 

is  already  flowing  on  the  line.     Thi*  method,' 
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doHitf-eurrtnf  workiHX,  rc4]uiret  a  more  e1nb)r«tc  key,  one 
form  of  which  is  shown  in  Fi}[>  1S5.     Tht:  working  contacis 


M 


I    :    H:-Al>»M»l.u'r.«  K.y. 


•rUA  from  duM  an<i  injur)-  b)-  axlmrt 
L'd  ai  the  top  by  a  sheet  of  glass.    The 
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niov;it>tc  Ict'crs  consist  of  two  brass  |>ieccs  A  and  B, 
n>cdtnnic.i))]r  connected  together,  and  (omiing  a  ungle 
IcvcT,  but  elcciriotlly  insulated  from  one  anoih«r  by  a 
btock  o(  elionitt;  placed  IteiwMn  tli«ni.  Al  ilic  LnkIc 
of  the  enclosing  cylinder  then:  arc  four  potus — l«ro  long 
oi>c»  placed  centralty,  snd  carryint;  contact  tpringM  a  nnd 
i,  wliich  projei-t  ovcT  coniari  |>i>inu  un  A  and  B;  And 
two  short  pmw  otic  on  eitlivr  ?iidtr  ol  iIm-'  'Kliurs,  and 
carryinj;  brass  blocks  c  and  </,  on  which  two  shn«t  ainic, 
projecting  at  rifjht-anglrs  Troni  the  ends  or  A  and  1),  resL 
Contact  is  made-  on  thcw  lower  blocks  when  the  handle  (* 
is  at  iL-at,  the  levers  licijig  held  tltjwn  on  th<'ni  by  a  sprinx  , 
Iml  wlwn  (;  is  depressed,  the  lever  contact*  ate  transfnrcd 
ttxm  t  ind  J  lo  a  and  fi.  The  coi)ta«i9  a  and  d  are 
electrically  connected  to  one  anotlK-r  and  10  the  binding- 
screw  Z  I))-  wires  iimlL'ciieiil))  the  b.iit^  plate  ;  d,  {,  and  C  aie 
siniiUrly  connected.  The  wires  from  the  batictyare  brought 
to  Ihc  screws  C  and  Z,  whilst  the  two  cndf  of  the  circuit 
into  which  cutrenis  have  to  Ik;  sent  are  brought  to  the  front 
binding-screws  I.  and  N.  In  the  front  of  Ihe  key  there  is  a 
tvvci  S,  nhicii  can  be  moved  hori/onially.  Wlicn  this  kvcr 
is  niovcd  to  the  side  marked  "  Send,"  il  operates  a  switch, 
which  electrically  joins  tlie  binding  screirs  I,  and  N  re- 
spectively to  tttc  levers  A  and  B,  With  S  in  this  position, 
therefore,  when  the  key  is  at  >e«t,  the  ^crew  1:  is  connected 
through  A  and  the  coiitJ4:t  e  with  the  [tositivc  ]>ole  of  tbe 
lottery  joined  to  C  ;  whilst  N  is  connected  to  iIk  negative 
pole  through  B,  J,  and  /-  A  current,  therefore,  flows  through 
ihc  outer  ciiiruit  from  I.  to  N.  On  depressing  G,  the  coo- 
nenions  of  L  and  N  to  ihc  battery  are  le^crNCd.  I.  bccomcii 
joined  Id  Z,  Ihe  negative  terminal,  through  A  and  a,  whilst 
N  is  joirvcd  to  C,  the  positive  terminal,  through  tl  and  J, 
The  oirreni  now  flow*  in  the  oppniiie  diiccttoii-  ■/..■-,  from 
N  to  I-     Thui,  when  the  lever  C  i'  I,  the  currcn 

between  i.  and  N  is  reversed,  and  »1  is  ^tiL 
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WliPii  Oie  >.wilcli  S  ix  movwl  to  Ihc  sidt*  marked  "  Re- 
ceive," ihc  IcvMs  ,\  and  It  .in-  diwoniiviieil  fium  L  and  N, 
90  that  Ifii;  tfcpct-ssion of  U  |iroduc«s  no elTinl  on  ihv  circuit. 
Bui  .iiiMitlun«ously  N  is  ditccilj  lonnccicil  lo  the  fifili  bind- 
ing s-TCW  M,  |Otthi4:li  lilc  wire  so'ng  'o  l^"*;  receiving  iii-^ttu- 
ment  is  made  fast.  A  ciirieni,  ihercfon:,  arriving  at  N  from 
ihc  diiUnl  suiion  passes  on  through  M  to  the  receiving 
inilninicnt  witliuut  going  through  any  of  the  niu^alik 
conlaLtt  ofihc  key. 

We  liavc  dcycniwd  the  above  key  in  dcu-iil  in  order  Ihjl 
iHir  tddcrs  may  Itavc  some  idc:A  u(  how  the  simple  Morse 
key  hii«  1(1  lie  inoilificd  lo  suit  Kpcci.il  rc<[uireitienis.  Space 
wouUl  fai!  us  lo  describe  all  the  vnriit!  kvys  iwed  for  inuis- 
initiini;  signals  by  h>ini  in  the  ditfeivnt  ti)-&ten)N  CTn)>loyed. 
On  the  design  ol  iheK  a  great  amount  of  mci-hnnicjil  as  trcll 
as  eleoirical  knoaU-dt^e  Iuh  lie<.'n  e\|>eiidcd,  iind  (he  in- 
MrumaUs  ]>roduccd  arc  iniercMing  from  more  |>oini<>  of 
view  tlun  one.  Other  kindsof  transmitters,  to  be  described 
btvr,  are  used  in  those  s)stcnts  in  which  ilie  receiving  in- 
Xtrumenl  prints  llie  ine»s>igc  in  ordinary  ii  jF_--iiiiitcad  uf 
the  conveniiunal  »ignaU  of  tlie  Morse  code.  A  brief  space 
niusl,  hon-cvcr,  be  devoted  here  to  descriptions  of  ihc 
nicrhanical  ininsmilten  by  which  the  hij;hcst  speetU  at- 
tained in  modern  lelcguphy  have  been  rcndvrid  possible, 
and  which  can  send  5os  words,  or  nboui  K.ooo  or  i>,oooj 
separate  signals,  per  minute.  Ax  alioul  40  woriU  per 
minute  it  qniclc  sendir^  for  hand  transmission,  the  above 
%iiri's  !i1ittw  huw  much  inorL-  rapid  \s  thi-  mcrh.iriic.il  method. 

The   Quick  Speed  Attt«matic  Transmitter   -By 

the  transmission  of  a  (clrgtaphic  message  niec ban i< ally,  we 
mean  thai  ihe  variouK  i-liangcs,  necessary  to  the  ptodur^- 
lion  of  the  ilcsired  setiuencc  of  currentK,  are  made  bjr 
a  II I  oma  I  tea  I  ly- acting  npp.iraiiis.  Mort-  than  one  ayslem 
of  acconiptiahiri};  ihii  his  been  devised,  but  by  Un  the 
best  known  aitd  most  w»de1y  used  is  undoubtedly  that 
L  1 
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invented  ori^tiinlly  |>y  Wlieauione  and  gntdually  improve 
from  liinf  lo  time  by  othtrs, 

The  |irocws  of  imnsinission  is  divided  inio  two  sUircs- 


(i)  the  (icciiaraiioD  uf  tlic  mess-if^e;  (t)  ihc  »claa.\  ir 
tnissiofi.     The  prtparalion  of  ihc  mfssam;  itonsinls  in 
forating  a  strip  oi  Moul  jkijicr  in  sucli  .1  manner  that  whc 
pasted  ihtough  the  irankniiitci  ilie  deiitud  cicrtncal  diani 
arc  msdc.     'Ihe  insmfvi-"*  ■■     '  ^        'n-djns  tin-  strip 
(down  in  Vig.  i96,  oikI    :  <  <l  m  Fig.  aSJ 
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central  tow  of  holes  in  Tig.  3S7  n  (or  ilw;  |iu(iiati«  of 

drawiniK  the  |>aj)cr  riblion  thrwi^li  \\w  UansmitUr,  wliUst 

the  holes  on  either  side  cooslitute  ihe  message.     1*h«  (wr- 

;or  (Fig.  3^t)  i*  jirovidcd  nith  ihtw  stts  of  jniiKhva 

.c(l  ri-s|ic4:(»x'ly  by  Uie  <t<:|>M.>»i<iii  of  tlii-  lhr<;c  keys  ii) 
from.  One  of  ihcic  keys  pitnchvs  a  single  ctiitrjl  hole 
which  causes  an  imcnal  bctirccn  the  sign.ilii  prcidhnj; 
and  following  it  The  iccond  key  |>itnrlii-K  three  holes 
in  a  vcTiicnl  line  thus:— ".and  thcwcau&c  the  Iransmr^ston 
of  the  sittnal  for  a  'dot"  lu  the  tiistAni  station.  Finally 
the  ihinl  key  jmachcs  fo«r  holes  anaingcd  thus  : — "\  which 
cAUie  Uiv  transmission  of  a  "  di»h."     1'hus  any  combination 
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1%  and  liuihex  rci>[esenting  a  tetlvr,  «tc.,  on  (he  Morse 
code  can  be  itan&initttd. 

In  l-'ig.  388  is  shown  a  diagrim  of  the  chief  working 
parts  of  llie  ingenious  [iiec:e  of  jipiiaiattis  uliieli  acU  as  a 
tranuuiltiug  key  Mhen  the  punched  nbbon  is  lussed  through 
it.  A  link-  wheel  W,  driven  by  clockwoik  cont.)ined  in  a 
caiM.-  behind,  earner  3  scries  of  spokcii  which  enj^ii^e  in  the 
central  row  of  holes  in  (he  )>e(fonited  »Ii|)  and  diaw  it 
through  at  any  desired  speed.  Two  vertical  rods  S  and  .M, 
attached  to  the  ends  of  (he  levers  A  and  A',  .-itc  pres»<;d  up- 
ward* by  the  len>iun  of  the  sprin^is  Jj  and  s^.  I'litsc  rod* 
ate  so  placed  iliat  M  cooks  «|>pD!(iie  the  uppci  row  of  holes 
in  l-'ig.  1S7,  and  S  opposite  the  lower  row ;  comcijuenily 
when  a  bote  in  cither  of  these  row*  comet  opposite  the  end 
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of  .1  rod.  thr  r<x]  cnn  he  iXMSi.'d  llimiigh  hy  ihe  .iclion  of 
the  sprinjj*.  Boih  rod*,  liowever,  ar«  nul  I'ree  lo  move  up 
at  the  same  limc.  ihcir  motion  hcinf;  rontfo)lc<l  b)'  a  bmn 
Y  rorking  about  its  centre  and  carrying;  two  pin^  I'  and  I" 
wliich  be:ir  on  A  and  A'.  Thit  bcim  i.i  kept  vibrating 
uniformly  by  the  same  clockwork  th.ii  drives  ^V,  Tracing 
the  levers  backwards,  wc  sec  ibal  the  upward  molion  of 
S  will  e^tise  the  rod  liK  to  move  U>  the  right,  and  that  of 
M  will  move  H'K'  to  the  ri^hi.    Tliene  latter  rods  act  on 
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thc  rontatt  tever  I>,  whid)  i.»  pivoted  at  U  ;  this  kvct  ran- 
sistK  electrically  of  two  parts  insulated  from  one  another 
and  coiinecieil  resircetivcly  to  the  two  ends  of  the  cireuit 
into  which  curr^rnts  have  lu  be  sent.  Unc  of  these  pntt:;  is 
tfic  body  of  Ihe  lever,  whieh,  when  rocked,  comes  into 
contact  with  one  or  other  of  the  louer  contact  points  C/or 
Zrf.  The  othet  pan  is  a  little  tongue  placed  at  the  top  end 
of  the  lever  so  as  lo  strike  either  of  ihc  coniacu  Cu  or  Zu. 
Of  these  four  coniaci*,  two,  Oi  and  C«,  arc  Joined  to  the 
pO!>iti^'e,  and  tlie  other  two,  Zn'and  Zf ,  to  the  negative  pole  of 
Ihe  battery,  as  shown.    When  (he  lever  I*  is  rocked  clockwise 
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'  Ufm-nrd  rnuvemvnl  of  M,  \\%  Inwer  p.-irt  is  broiiKlil 
into  lOnUct  wiifi  iliu  jiumiIvc  )>oIc  Cd,  and  iis  ii|)|iei  toii]>ue 
into  contact  with  ihc  nc^^iivc  pole  /m  .-  a  ciirrcnt  in  a  ccri.iin 
direction  Doui  iitio  lite  circuit  ol  which  these  Iwo  |iiiftti  Conn 
ilie  terminala.  On  the  uiher  hund,  when  the  \tMtt  im  rooVedl 
cou  mere  lock*  iw.-  l>y  the  molioii  of  S,  it  ia  en&ily  seen  lli-it  a 
current  in  fhc  O)rpositv  diicdion  tlowb  inio  the  same  circuii. 
The  fonner  current  is  the  "  mnihinij "  cuacnt,  causing — in  a 
manner  to  Ik-  presenlly  cxiibitieil-a  nuirk  to  1)c  made  on 
Ihc  rililion  of  the  icctivcr,  wtiiUt  the  latter  is  the  reverse,  or 
"spacing,"  current,  during  ilic  conlinuancc  of  uhich  no 
martcs  appear  M  ihc  dixt.tnt  end 

Kefeirin^  now  to  the  djjigmni  of  the  jninched  slip,  il 
will  be  seen  ilial  for  a  Miwse  "dm"  the  two  holejim  tiihcr 
side  aie  opposite  une  another,  ami  consequently  a  "  mark- 
ing" current  is  immediately  folloiretl  l>y  a  "ipadng"  current, 
and  Ihe  forusci  has  only  time  to  write  a  "doi."  Bui  when 
Ihc  lower  hole  is  disphccd  to  the  right  of  the  ui>pcr  one  (as 
in  the  Idler  "T"),  lhc"s|Hicing,'  or  reicrsc,  curreii  follovs 
the  marking  ctirrent  at  a  longer  iniertal,  aiid  t'lercfure  a 
"darii"  ii  written  down.  Wiih  this  traiiMnitter  the  hi^h 
speed  of  600  words  per  minute  ha.^  been  attained — a  wonder, 
ful  liitimph  when  11  is  reniembcrcil  that  ihi»  is  about  four 
limes  as  fast  as  an  ordinary  rapid  speaker  tjiks. 

7^  Ktaitinx  /ustrumrjits. 

As  already  rciiiaikcd.  these  may  be  cither  non •recording 
instrument?,  delivering  an  audible  or  a  visual  ntcsKage,  or 
lliey  may  be  recording  instrumenia,  which  write  down  or 
print  (he  incsMge  in  sonic  convenient  nianner.  In  each 
c:bss  there  arc  nuny  varieties  and  ne  sekri  for  dcscrijilion 
one  fnim  each  which  is  most  wiilcly  used  in  lliis  <:iiunlr)-. 

The  Sounder  and  Bell— Of  all  ielcf;raphii-  receivers 
Ihc  simplcsi  is  the  "  Soimder."  li  consists  of  an  ordinary 
two-timb  eletlro  magnet  nminged  to  attract  a  bur-arm  At  ure. 
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Itlten  i)i«  annalurc  is  ati»(^k-(l,  a  picic  <A  iiit'lnl  coiuK-cled 
tu  it  strikes  ai;A'iitt  a  MO|i,  making  an  «uili)>lc  Hotiml.  On 
Ihc-  ccsaniion  trf  ilic  cuTreiii  tli<-  annilurv  '\i  |>ulic(I  olT  X>f  a 
>I»inK,  and  the  (.je<:c  of  niclal  strikes  againvl  anuihrr  stop, 
givinji  II  slightly  di/Tvrcnt  soiiml.  An  expert  jiKliior.  with- 
out looking  at  ihi:  inslrmnmt,  can  distJitKutBh  between  lltcM 
smimU  nnd  icll  1h>w  long  the  rvirrent  has  bcc<>  ki-pi  <iii. 

The  IwtffcM  oitrrnt 
^1^^^       >^^k.l4  lii^'niflcii  a  "(lot "  on 

^^^^     jSKB^^t  ''"-'  I^'^"^  cikIc,  ntiil 

^         .jQ^^SIH^^  liircc  limci  as    Ktng 

|dS^B|^B^B  icprcsvnts  a  "  dnsh." 

iNmi^Snf^  ''"^    imcrvalii     bc- 

I        ll)fc«iBP^'Sil^5S  tn'cen  Die  ii|;nalii  of 

I        llSiMBril^^^''*'^  .  the   same  kiici   arc 

cqunl  to  thir  lime 
Cot  a  "  dot '";  betwc«m 
the  letters  of  a  word 
ihc  inienal  is  cqujil 
,    ^  I     I"       three      "dois," 

1^  I     vrliilsl  l>etH,-eensepar> 

j     ale  words  it  is  five. 
_j(l  A      nuxliliauion 

of  ilic  "Sotindcr,'' 
known  as  the  "  Bell." 
is  shown  in  Kig-  389.  'Ilic  vlectro' magnet  E  and  its  anQ:i- 
tiiit  A  (tan  easily  l>e  dislint(uished.  ITic  Utter  t-an  move 
ahuut  iIk  pivoted  axle  X,  wiili  which  it  iit  coniieiied  by  a 
cTossarm  of  brass,  a  prolongation  of  which  carrici  die  lull 
B.  Undcfocath  the  latter  is  the  nKial  plate  M,  free  lo 
vihraie,  and  so  adjusted  that  U  tltikn  it  when  the  armatUTe 
ti  aitr.icied.  The  >i)rin({  S,  the  tcniifin  of  «liic  Ji  ran  be 
adjiisltd,  pulls  the  aiinstnie  tiff  when  the  citrrcm  ceases. 
The  signals  are  rea<I  in  lh«  manner  just  oxplained. 
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In  some  syKlcniK  two  "  Ik'lls  '  tuned  to  dtlTcrcnt  nnlcs 
AiC  iiv:il,  Oixr  oi  \\\v%K  \i  Kinxk  uhcn  a  currcni  in  a 
ctrUitn  dirviiion  i«  mcivci),  and  the  otiicr  on  the  ic- 
cqition  of  A  levcTicd  current.      In  this  ra-^  lliv  difl'creRt 


tOfK-s  (rf  the  bells  rcpreMenl  rcspeclircly  ihc  dots  ajtd  dasfvcs 
uf  t)i«  Morse  code. 

The  Single  Needle    Instrument— The  insitumer 
still  riKiM  wttltl)  used  •-  i"  "  Single-^ 

Newllc,"  wUkh  is  «  aivano- 

scgpe  having  a  ^  ""'' '" 
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Fig.  190.  Tlie  magnetic  syiteii]  <-oiui<ils  of  a  magnetic 
Docdio  mounted  on  a  hori/oiiiAl  a\\s  and  so  wci);blcd  iliat 
tt  si.ihds  vcnintiy  when  no  ciirti-iil  is  p»««lng  llmmgh,  On 
the  same  a\is  ih  the  pointer  seen  in  front  of  llie  dial,  behind 
whidi  the  coih  are  liidden.  The  needle  ntoves  dilwr  clock- 
wist  or  Lounler  i-|o<kwisc,  according  to  the  dirt^lton  of  the 
current.  A  movement  of  the  top  end  to  (Ik  left  is  ei|itivA. 
lent  to  a  "dol,"  .-ind  a  movemenl  to  llic  right  10  a  "dash," 
on  the  MoTxe  code.  In  railnay  work  various  s|)eciil  s<gnab 
are  used,    'llic  handle  seen  below  the  dial  is  coMicicd  to 


lite  transmitting  pait  of  the  institimcni,  which  b  a  reversing 
commutator.  When  the  handle  is  mo^-cd  to  the  left,  a 
current  is  sent  which  dcllcrti  the  needle  CMinicr.c  lock  wise, 
tKit  when  it  is  moved  10  tlte  right  it  caittes  a  deflection  in 
the  opposite  direction. 

The  Morse  Ink  Writer.— Turning  now  to  thv  re- 
cording in%tTUmeiU!i,  we  sliall  confine  otir  rcmaiks  to  the 
lM»t  known  of  these,  the  "  Ink  Writer."  This  instrument 
his  some  parts  in  common  with  the  "  i-'ast.Spce'I  Trjins. 
mttier  "  ahr-idy  de^tctihcd.  Thus  a  strip  nf  paper  is  drawn 
t))ro«igh  the  instrument  by  clockwork  conUincd  in  the  boi 
on  the  left  of  Fig.  991.     In  this  cise.  however,  th«  paper  11 


TUK  JfoKse  iXK  H'KirKK. 


58s 


not  perToratcd,  I>ul  is  ilrAwn  liy  iti«  frklion  <>f  rullvn  Tfum  aj 
hoti/OTil.iI  coil  of  i«ipcr  conUiDcd  in  iht  iltiincr  licncith.^ 
Agiiinit  lliit  luind  iif  |in|irr  2S  il  pnsscs  cn'CT  one  of  ihc 
n>lkr&  IS  )>m$L'(l,  wlwiievcr  a  ciitrem  is  rc(;dv«J,  ilic  upiicr 
rim  of  a  wheel  wlioie  loircr  \at\  dips  into  an  ink-well,  vhirh 
ihiis  inkiS  (lit-  rim  The  inking  mllcr  r  and  itie  ckciio- 
niafjnvtic  arr:ii)){ct»cn($  atv  «himn  on  nn  enlarged  scale  in 
Fig.  392.     1-*  is  the  armature  of  a  iwulimb  electro- inagncl 
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£,  and  is  altaclKd  b>  one  end  of  a  Ivvcr  which  niuvcs  atKtiit 
H  as  a  fulcnim.  11k  other  end  of  the  lever  carries  the  ink- 
ing roller  r,  so  that  wht-ncvcr  I-'  niovcs  downwards  by  ihc 
attraction  of  ihe  magnet,  r  mows  uim-ardj  and  <-onKS  into 
contact  with  the  hand  of  paper  which  \»  Iravelltnj;  abrtve  it. 
Ak  lonj;  as  the  contact  coniinui^s,  r  makes  a  mark  on  the 
paper;  but  as  sooD  as  Ihe  cuircni  ceases,  the  i\»in^  S  pulls 
the  armature  K  olT  the  magnet,  and  mo\cs  r  out  of  L-onlact 
with  the  pipcT.  Thus  lines  of  any  dcsia'd  length  ran  be 
made  on  the  paper,  and  a  iiu;siin);e  written  aceordinj;  to  th« 
Monu  co<tc  {tiven  un  jkikcs;}-      Foi  insUiKe,  iIk  word 


&hown  .i«  iicrforak-d  ftirllie  trammilter  on  |iji{[ti  57f> 
u]>|i(Mr  lliws  :  — 


The  movements  of  llie  lever  are  limiied  by  ilie  iirojccitng 
(onguey(Fig,  291)  moving  between  a<ljii:iiablc  Mojn.  In 
Fig.  19 1  (he  IcvCT  on  ihc  right -kiml  is  an  ordiiury  Mone  key 
for  unding  a.  message,  ami  the  tittle  galvanumetcr  at  the 
Ikic):  is  to  show  thai  curreiitn  are  aduatly  passinK' 

'Hk  Cist-^jiccd  receivei  differs  somewhat  in  its  mechanicaU 
deUiilt  Troni  the  instruincol  just  dcscrihcd,  hut  the  [« Inciplct 
used  are  the  unrnv,  so  that  it  is  unneocEsary  to  give  a  scfiarsle 
description  of  ft. 

Relays.— If  tiic  telcgra])hit!  stations  be  far  a]>att,  the 
connecting  conductor  necessarily  has  a  high  rcsbtancc 
\K\xn  this  is  the  case,  incrc.i.icd  batt«y-|Kiwer  is  reciiiiird 
to  jtfodu(-e  iho  CMirenls  necessary  to  work  the  inUtuiiienis 
above  dcsciibed.  Such  an  increfisc  b  expensive,  and,  more- 
over,  leads  to  other  iroubles.  A  very  ingenious  way  oi 
gelling  over  the  tonveijiicnt  diAlcutttes  is  to  use  a  piece  of 
appjrjtns  invented  by  Whc.iI*tone,  and  called  a  "relay." 

The  rcby  is  an  electro* niagiict  wound  with  m.iny  lurfix 
of  fine  wire,  m  that  a  very  feeble  current  will  i>rodiice  the 
re(|uistte  n)i4(iH't(>niolive  force.  'HiC  armature  of  this 
elcciro-magnet  is  a  very  <ldicalely  pik-ole<l  lover  or  tongue, 
whose  sole  function  is  to  open  and  close  a  local  circuit  clec> 
(licAlly  quite  independent  and  separate  from  the  iioc-drcutt 
coming  from  Ihc  di^t.mi  slntton.  This  riraiit  contains  a 
battery  and  a  receiving  iuNlrumeoi,  and  is  entirely  contained 
within  iHc  receiving  station.  The  tongue  of  the  relay  1» 
made  as  light  a«  possible,  and  the  distance  its  end  has  to 
move  over  is  sometimes  as  snull  as  one  Rftieth  of  on  inch. 
TTiiiB  a    received    nirrenl  'Hiiie  inen|i;ibk'  of  -he 

lu'nvy  lei'er  of  an  ink  writer,  for  instai»r*.  Win  ler 

this  light  tongue  aiid  ctoee  the  "Icr  ^utlne  tite 
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il  tiattery  In  sii)i|>ty  lltc  rurtent  Toqiiiri-d  In  aclunic  ihc 
ink-wtilcr.  'I'bc  Itnig-ilisuintc  r3Sl-«i)0cd  itifiSiiges  are 
Rlw.iys  received  in  this  way  on  livaulirulty  delicate  relays. 

'J'Af  CireuHt. 

Electrically,  the  in^lriimcnis  just  clrscribeil,  ai  well  a.% 
others  Oe&ifined  for  lUi;  puqwKc  of  \t3,n\tn\y\\nf,  ami  receiv- 
ing (etcjtr.ipliic  signalt>,  niiy  h\:  connecKKl  to  the  bailcriei 
and  Ihe  conducting  cirt:uitti  in  v-arioiis  ways,  each  of  which 
has  mmc  special  advantages.  Unly  some  of  the  most 
wiiit'Iy  n*eil  of  iIh'tsc  r,iii,  hoiu^er.  he  described  hctc. 

The  Single  Oarrent  System.— The  simplest  method 
of  all,  known  as  the  " Single-Curreni    Direct"  »yMetn,  is 


Fie.  ■V)'— C«*Mlian>  («  SiiKli-Cuirtni  Dlnci  WmklnC' 

clei>icicd  in  Fig.  igj.  Two  stations— one  on  the  left  and 
one  on  the  tight — nrc  connected  by  a  single  overhead  wire 
I^  technically  referred  to  an  Ihe  "line";  the^e  ^lattonN 
may,  of  courNC,  lie  many  miles  apart.  M  and  m  arc  the 
Mor^e  keys,  shown  as  resting  on  their  back  t-oniacts  P  and 
/  when  not  in  use  {tft  Fig.  284).  ThcM  Inck  contacts  arc 
connected  to  tlie  eaiitiplntes  K  V,  through  the  (-oils  Rr 
r(S[>crtively  of  the  electro  magnets  of  the  rcceivinf!  instru- 
meiiiit,  which  may  he  either  "  Sounders  "  or  "  Ink  Writers." 
The  middle  coniarls  are  both  joined  to  "line,"  so  iliai 
there  «  a  nomjtiete  conducting  cirniii  through  the  "  line," 
ih<-  receivers,  and  the  earth ;  bui  as  there  is  no  bnitery  in 
ttib  circuit,  no  current  l1on-».  The  b:iitciics  C/  and  ci 
have   their    negative    terminals   Z  and  3  also  connected 
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to  ttic  ciinli-[)lalcs,  wliilM  ilicir  posiiivc  \hAkk  C  anil  f  tm 
cuniK-Lieil  to  iIk-  iiuni  roiiiacit  O  aiv)  o  of  the  Morse 
keys.  If,  now,  M  l>e  depressed  »o  on  to  |ircii)c  contact  nt  H 
and  ninkc  contact  at  O,  a  ctirrcni  tlowa  iliitKigh  the  circuit 
<",  0,  M,  1,/,  /■,  E,  K,  Z,  du-Tgising  llic  flv  Ironugnct  r, 
nnd  i;iving  tbe  iciuiied  si^nid  ni  tin-  OUum  stiilion.  Thi» 
Million,  ill  iis  turn,  l>y  dcpresniiii;  the  key  m,  can  t«n<]  * 
curicDt  from  its  batcciy  thniiigli  K,  giving  a  sign.il  ai  llic 
oilu'r  KUtiiin.  If  Imih  keys  \k  <lcpres*ed  tiimuUaiui>iiH|y, 
mi  signals  lire  given  or  ret^eiwd. 

This  S)«tcni,  though  so  nimpie,  is  in  practice  aa\y 
applicable  to  short  lines  or  uniiiijKxtaiit  ^lations,  vrlicre 
sfK^'d  i.i  not  evteiit'.i'.  Kijch  sjievtU  i;annoi  Itv  obtninc^l. 
beouisc  of  the  rctitnl.uiunH  of  tlii:  ri.tir  and  fall  of  ihc 
rurreiit  due  to  sclf-indi;ciion,  as  explained  in  tltc  prcviou* 
Kcclion  at  ihJK  boolc.  Further  retntdatinn  is  also  caused  by 
lilt-  el« iri'Maiii  t:i]i.niiy  o!  ihe  line. 

The  Doable  CnrreDt  System.— In  order  to  minimise 
the  cRixts  of  induction,  both  electromagnetic  and  elcctto- 
siaiie,  .1  system  i>  tiscd  in  which,  after  every  signal,  s 
current  in  the  reverte  direction  i«  nent  round  the  circuit,  ya, 
as  it  Here,  to  sweep  out  the  eflects  of  the  last  current,  and 
prejwre  the  tine  for  the  next  ^iginitl.  The  key  by  which 
(hese  <-hanges  are  xocampluhed  Ii3«  already  been  described 
in  detail  (]age  57s).  and  alsu  the  way  in  which  it  is  joined 
tu  the  battery  and  lite  conducting  circuit  consisting  (if 
"line"  and  "cdrth."  The  connc^^^tion  of  llic  receiving 
inslrtimcnt  to  Ihe  screw  M  (Fig.  285)  has  also  been  ex- 
pbined,  togethL-r  with  iIh;  itie  of  ll»e  >>wilc)i  S.  This  key. 
connected  up  as  de&ciibcd  to  battery,  line,  earth,  and 
receiving  instrument,  simply  takes  the  place  of  the  Hofse 
key.  Uutcfy.  nnd  receiving  iii^rument  in  Fig.  193.  With  the 
Doubtc'f'iirrciit  xynteni  inin-h  greater  i|M-eil  can  l)e  aliaincd 
ihnn  wul>  llic  Single-Curii-nts}^ieni,ancx|K'tt  h.ind  sit; nailer 
bcii^g  able  to  send  over  fotly  words  [ter  miium.- 


J 


DupLBX  Telbcrapmy, 


589 


rrbwh  the  %y«<;m*  Juki  (k-srnbwl  only  a  xingic  in<-'3:t^e 
in  dilici  (lirci-lio!)  ran  be  si'iu  iilorijj  the  line  I.  nt  any  time. 
ir  these  were  the  only  S)'Steins  availabte,  a  rery  heivy 
(Millay  on  "lines"  would  l)e  nt^rtssmy  iii  (Jn-ji  Bnmiii,  jnd 
st:<|M:tiny  teleKrunit  wiHiliI  lie  tiiuricblly  iiii|Kis.iib1<:.  l-miun- 
atdy,  it  is  ]><>toibli:  li>  su  anango  ihc  itisiiiitncnU  ihat  (tr<>, 
four,  or  more  tncsMgcs  lan  hn  timullatttotitly  sent  along 
ihc  uinK'  wire,  (liitK  grcjitly  increiLsing  il.t  working  viiluc-  I'lie 
!(imi>U'»t  1)1  llit^e  i* 

The  Duplex  System.— The  object  aim«l  m  in  *'du- 
|i)t;xi»)u"  a&  it  i&  called,  a  tclcgTuph  line  is  to  so  urraiige  iIil' 
iransiiiilling  an<l  tcmvini;  iniiirunicnls  at  each  end  tluil 
nieKsage^t  c.in  be  Mmiiliaiieotiily  sent  in  IjoiH  ditc^'tions  at 
iMinc   time,    thu»   duublin^:.   :li   il    were,    ihe    urnin); 

acily  of  llie  line.  'Vhcix;  aic  tuo  cliief  mctliods  uf 
doii^  this.  On«  is  to  arrange  the  iiuiniinents  at  ciKh  end 
similarly  lu  the  circuits  in  a  Whcatitoue  Bridjie,  as  used  for 
tealiiig  rcsiMan<:c.  The  ciliei  Is  to  take  .idvantagc  of  lliv 
princijilc  of  the  Differentia!  (ialvanonicler.  'llie  Uttvr  i$ 
alnxni  eKcIiisively  tiM;d  in  this  couiiuy,  and  ne  slull  there- 
fore briefly  indicate  its  chief  features. 

Reverting  to  o\\x  {ircvious  descri]>lio[isof ''  Galvanoniclcrs 
for  niea.%urii%  small  currenlx,"  it  i.s  obviuus  that  if,  instead 
of  winding  the  conducting  circuit  with  a  ^ngle  wire,  we 
ifcrc  to  wind  it  with  two  exactly  similar  nires  lying  along- 
siilc  owt  another  throughout  their  length,  then  each  of 
ihesi:  wires  cuuU)  be  used  independently  to  ineiiKire  a 
current.  Moreover,  if  the  two  wires  haie  been  carefully 
wound,  th«  same  rumnl  f>as«cd  through  either  of  them 
in<Itl1ercnlly  will  [Koduce  the  same  deflection  ol  ihc 
needle.  Il',  llier«fore,  currents  lie  passi^l  through  tlie 
two  c<m1s  i»  efpMite  tlireifio*»f.  the  needle  will  only  be 
deflected  if  these  currents  are  unt^ual,  and  irill  net  ht 
tltfiedcJ  at  all  if  they  are  extuily  equal.  Moreover,  any 
deflection  of  iltc  needle  will  dejwnd  on  the  Jiftrtna  of 
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ihc  iwo  cutrinis:  ln.-i>rc  ihc  iminiment  ii  called  »  "Dif 
ferentlal  QalTanometer" 

The  ibime  |>rinci|>l<:   may   tic  ap|>licd  lo  an)-  dcccro 
magnetic  instiunicnl,  such  as  ilic  clwiio-nnigiicu  of  a  rcby. 

L, 


Tlui  is,  the  ooixtucting  circuit  may  be  wound  in  two  {xaiu 
in  siicli  a  wa)'  ihai,  when  0|>{<<Kiilcl)'-<lirci:tetJ  •tirrciits  arc- 
Bcoi   through   ibnc,   the    nia(;ocitc    elTcci    produced    ^'l\\ 
dctH-od  on  the  diOcrcncv  of  these  currents,  and  will 
fore,  he  w/  wh<:n  ihc  CNrrtnli  are  e^uai. 

The  minjence  of  such  inMnimeniv   mitltei 
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tiuplex  vtoikirt}!  iwwiblc,  and  in  Fig.  194  we  give  »  dujirain 
of  iltc  arrangcincnts  at  iwu  suiiions  1  anil  2  connected 
liy  a  line  wine  L.,  L^  1'hc  amtitgcmeiiiit  Khciwn  are  thusc 
fur  dii]ilvxii>g  a  sini^k-ciirrcnt  ny^icni.  The  two  equal 
liaticrios  1',  and  I';  are  connected  tu  ihc  Morse  keys  K,  Kj 
oi  stiowii,  lite  earlh  connccttoits  lo  the  bock  conbicts  l.ving 
llirough  resistances  d^,  f<..  ajiproximnlcty  eijiul  ut  ihe  rc- 
sisianci-i  of  the  respcclive  tniierit-s-  K,  and  Kj  are  tw<> 
KiiniUr  ri'Inys  "  difTerent'alljr "  uound,  llie  two  circuits  in 
iracli  (.ISC  being,  (or  civarncss,  iiidkalcd,  one  by  a  con- 
tinuous, And  ihe  other  by  a  dollcxl  lin«.  In  scrici  with  ibc 
dotted  circuits  arc  the  resistances  r^  r„  known  as  Uiu  "  com- 
[)cn»ltng  "  rcsi:ttanct-s.  IT  Ihi:  o[>p(»itely-diiei:ted  cuirctiU 
in  these  iwo  circuits  arc  equal,  the  tongues  T  of  the  rclaj  s 
ace  unalfectcd  1  btit  if  ihey  are  unniual,  iliey  arc  niuvvd 
againat  cither  the  !([ops  m  or  the  slops  /.  Whenever  ciclier 
tongue  strikes  against  ihv  concsponding  stop  ni  it  closes  a 
"local"  circuit  containing  a  battery  and  iIk-  receiving  in- 
strument, and  thus  gives  rise  lo  a  nignal  on  th«  lalicf. 

Su{>pose,  now,  that  Ihc  key  K,  h  deprciscd.  A  current 
generated  by  the  baliery  P,  flows  through  t)ic  key  lo  t1>e 
point  V|,  wlicre  it  divides  into  two  pirts.  Otic  [loriion 
flows  through  the  circuit  IS|  l)|  of  the  relay  K,,  the  line 
1^  1^  the  circuit  A,C}  of  the  relay  K,  10  V^,  the  back 
contnct  of  K;  through  />,  to  canh,  and  to  back  to  Ihc  bfitlcly. 
The  other  )>ottiun  of  the  current  Hows  ihroogh  the  coil 
Ci  A,  of  the  relay,  and  Ihe  resisnantx-  r„  back  to  the  battery. 
Now,  if  the  resistances  of  these  two  paths  be  exactly  equal, 
the  currents  in  ibcm  will  be  exactly  equal,  since  ibe  same 
RIX  IS  used  lo  produce  both  current*.  In  |hi:t  case,  therc- 
fore,  the  tongue  1',  i>f  the  relay  K,  ii  unafl'ected,  and  muws 
no  signal  at  station  1.  Bui  the  relay  R.  at  station  2  has  a 
current  passing  only  through  one  set  A|  C>  of  its  coils.  'I'he 
;  tongue  T.  attached  to  il^t  arinatiire  is,  therefore,  moved  so 
OOUK  against  the  contact  m„  thus  causing  a  signal  on 
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Die  reoeivin^  iniimincni.     In  (hh  way  the  dfxiii:^)  siniinl 
made  at  stnlion  2,     In  the  same  niuiincr.  Ml>cn  key  K^  1« 
(IcjiK-isi.H),  n  sign;jtl  is  given  nt  Riation  1,  ;ii)(l  none  al  2. 

I'hc  rondilioi)  for  llie  cjunlily  of  iIk'  ajrtciii!>  in  the 
tday  R|  juil  tdcitcd  to  t-vitltiitly  is  llml  llit-  nrsistjn<;e  r, 
or  ilic  dotted  ^aih  from  A,  1o  (he  baikry  sboutd  c<|ual  the 
nr^iKtaiKv  o(  (he  other  {lalh  from  It,  ihroutih  itic  dtiiani 
Mation  li)  c.uth  aitd  li.itleTy. 

U'c  must  Still  in<|iiire  what  Ki]>jien^  ivhcn  both  kvys  K, 
and  K.  are  dciiresjicti  slinultancouily—lhal  is,  when  both 
u[)craiuri  desire  lit  send  signaU  at  the  Mine  liinc  In  this 
cjiHC  the  points  V,  and  V,  ar^r  lioth  bfwinhi  to  the  same 
|H>tenliul,  and  no  current  cm  theiefoie  ilow  akiti-ri  the  coo- 
ducior,  V|  B,  I),  I.,  I.j.\.C.  Vj  jmnin;;  iIkid.  But  a  cur- 
icitt  fijfr  How  (hrough  the  com|ienu)in];  circuit  Y|C|  A|r| 
and  back  to  the  battery  I',  :uid  another  current  ftti 
flow  through  the  circuit  V..^.\},f,  back  lo  the  battery 
\\.  'I'hug  both  the  rcUys  K,  *nd  R.  luve  currents 
flowing  in  one  coil  only,  and  therefore,  since  these 
currents  arv  in  tlie  )>rotier  direction  for  the  {Mirposc,  the 
tongues  T,  and  'I'j  will  be  inovt-d  against  the  '■  marking  " 
contacts  mi  and  m.  rc«]>cctivcly.  Signals  nill,  thcreFore, 
Ik  recorded  at  'xrth  stations  as  desired.  The  ciiriou* 
fisiturc  of  ihij  last  case  is  that,  although  both  stations 
receive  sign.ils  bccatiw  of  the  actions  at  the  distant  sI«lioas, 
na  furratt  ^is<s  nloig  fht  line  L,  t^. 

In  actual  [ir4Clin;  diflcrcnlial  galv.inumctcra,  as  welt  aa 
ilifri.'ri.iitial  relays,  ate  in  cirtuil  at  buth  stations  to  facihtjllL- 
jdju&inicnls  and  for  other  leaMjiis.  'llie  ajiplictlion  of 
duplet  working  to  the  double-currenl  system  is  Mibsiamiatly 
the  ume  in  t>rinL-iiite  n.s  thai  jutt  described,  Utt  a  little 
rooie  contplicMed  in  iir^ctice.  Pof  all  loii^disuncc  work 
thedotible  cut-  i  fpced, 

due  to  ibc  a<ii 

Qaadruplez   Working.     A  iv  •*< 
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duplex  wofking  ix  that  in  which  two  messages  uin  Ite  sent 
simuliancousir  ii  <iuk  JinftiaH,  makiac  four  iitcKiOKes  in 
all,  ihus  ijivinK  rise  to  "  (|iuK]ni|iW'  uorking  This  is 
acc(nni>liOM;d  \\y  using  two  different  kinds  of  currents  for 
signullinij:.  In  one  cUss  the  tnx>  m^diiIs  rei|tiiretl  Uy  the 
Morse  code  are  produced  by  cuncnts  in  0|>pc»it>.'  directions ; 
in  the  either  cUss  the  two  distinctivL-  signals  arc  given  by 
wr.tk  :i(>i)  ftrong  currents  irTCx[>cciiv<.-  nf  direction.  Sjiccinl 
sending  keys  are,  of  course,  rei|uired  for  i.*acU  cbss  of 
signaU,  and  also  S|kccial  re<:eiviiii;  relayj.  The  latter  must 
be  such  that  one  relay  responds  only  to  signaU  of  the  first 
kind,  whilst  the  other  r€s|}onds  only  lo  sign.ils  nf  ihc  second 
kind.  The  de>i  iiption  of  iheie  in^itiunK-ntx  nouhl,  we  fear, 
le:iil  uii  too  far  into  technical  details. 

Mtiltiplex  Working.  There  U  sltll  anoilici  way  of 
iticreaiin^  ilie  nuiiibtr  of  messages  that  can  he  sent  siniul- 
lancousty  on  one  wire.  The  method  is  known  as  ■'inuhi 
pk-x,"  and  depends  for  success  on  the  absolute  synchronism 
with  which  two  icvolviiqi  commutators  at  ihc  two  ends  of 
ihe  line  tan  be  kept  "  in  step."  When  thii  i.i  .n<om|)liihed, 
die  commutators  put  each  |iair  of  correspondents  on  to  the 
line  for  a  frstrlion  of  .1  second  and  then  connect  up  the 
other  pairs  tn  order,  reluming  finally  10  the  fir^l  pair  in  Icn 
than  A  second  to  repeal  ihc  cycle  of  connections  over  and 
over  again.  Bctwixn  (ximlon  .ind  Hirminglinin  as  many 
as  six  iiair^  of  roi  respond  en  t^  are  thus  crublcd  to  send 
mcs^iages  at  the  same  tintc  on  one  wire. 

PrtH/ing  Tt/tgrafhs. 

liesiduN  the  in.ttninienis  already  described,  which  use 
t)ie  Mock  code  widi  its  two  distinctive  sigiial.i,  there  are 
odicTs  which  t>rint  off  die  messages  in  ordinary  ty|ic.  Of 
these,  Ihc  ingenious  iransmiilcrs  and  receivers  devised  by 
I'rofesaor  \).  Iv  llii^lies  -ire  murli  used  on  the  Continent. 
Hul  instead  of  describing  these,  which  are  seldom  seen 
u  u 
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!n  Kn(>liin(l,  wt-  (iroccMe  instuid  to  <I«vcitf  a  liiilc  <>r  our 
limitcrl  Npace  In  tlic  vcijr  siuiihr  insiniiiicnU  wlikli  arc 
used  for  the  ]mr|)c»e  ot  iliHMrtmiiaiiii);  ncvm  tg  MilntrritKni 
from  a  1  cnital  nt-ws  iiifin.* 

(>rihtri«,  the  nitml  Umiliur  10  (he  {tcncral  pulilic  is  (he 
receiving  tmtrument  de|)kte<1  in  V'm.  295,  which  in  b\ay 
ircanlilc  centres,  under  thr  n^mc  of  tUc  "(n|>i.\"  has  long 
t>cr(mic-  a  iiuc<»Kily  to  iIk-  |iu\liing  liuKiitc^s  man  of 
the  ninclccnih  <'<.'iitiii)-.  In  diilts  iiml  hotels,  also,  ihc  little 
{■lass'cncnscd  instrun>cnl,  ijuietly  lecdiit);  'tis  );irils  uf  the 
latest  news  intu  a  luskcl  *l  its  side,  Itas  Iktoiiu.-  a  faniiltar 
figure.  But,  slitiMigh  ihe  mcxMgc  in  ixiiited  in  ordinary 
Idten,  su  that  it  >•!  not  iiecesury  lu  lv.ifii  :i  new  alphabet 
in  order  to  ilcc:i|ih<.-[  il,  slill  there  is,  as  it  were,  a  residual 
amount  of  inconvcnk-ncc  in  luving  to  [kiss  the  )un^  jiaper 
tape  more  or  less  slowly  through  the  fitigcrs  nhilsc  reading. 
Mor<^«vcr,  it  will  sonKtinx-s  linpiicn  Ihnt  nuny  yards  of 
laiKt  hiive  to  lie  [MHued  before  ihc  |xitlicuUr  niessnge 
Kouitht  is  foum).  This  last  inconvenience  is  portly  over- 
come liy  cutting  the  ta)>c  at  intervals  and  (winning  it  on  a 
notice-board ;  at  the  l>csl,  however,  this  dcviiv,  it  iniii't  l>c 
confessed,  is  wrinewlut  liimt;.  Mentx  tite  attention  of 
inventors  has  been  directed  to  perfecting  instruments  ll»at 
Khali  be  ca|uible  of  jifinling  the  mcKMigc  in  "  column " 
farm,  as  is  done  by  Iht:  ordinary  ty|ie  wtitiii];  machine. 

In  the  "Tajie"  machine  (KJk.  kjs)  "<=  '"">'  eipbin  in 
general  terms  that  the  type  wheel,  which  can  be-  )>!ainly  stxn 
in  the  figure,  t*  revolved  until  the  dexiied  letter  is  opposite 
the  tape,  when  the  wheel  is  Mopped  and  the  upc  moved 
against  it,  thus  receiving  an  impression  of  the  letter  from 
the  inked  wheel.  How  these  movcmcnit  are  roii(rolle<l  elec- 
trically we  shall  ci|itain  when  we  describe  the  If  an  emitter. 

The  Column  Printer.— 'I'lic  additional  movements 
to  be  provided  foi  in  a  column  inslnimcnt  are  sutHcicntly 
obvious.     As--Hi>ning  ih>i  the  paper  is  fed  forward  al  proper 
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intcfv.ils,  ibc  lypcwliccl  must  lie  iruilc  to  traverse  ihc  [>.iprr 
sitlon^ys  from  left  to  ri^lii.  wiili  :i  stC]>-liy-sic|>  movcnicnl 
which  ulvnitces  il  through  ihc  brendUi  or  o»e  klier  bciweeo 
well  imprcsiuin  on  the  paper.     The  sjnces  heiwccn  «ur- 
n-ssiw  words  can  be  proviiJc<)  Tor  by  a  bijnk  on  the  iy|]t- 
whecl-     In  Addition  to  this  Uleral  mnvcineiit  thrrt-  niu^t  bv 
an  arr.ing^.-nH-nl  for  hrin^rn^  luck  tlic  lypewlx-'ct  to  [lie  Icll 
hjnd  side  when  ii  has  traversed  the  whole  brrmdlli  of  th« 
paper,  and  simtiUancoiiRly  the  iiapcr  itself  niii»t  be  fed  fcHS 
ward  hyaKpat'c  k^\\m\  toihodiMJinci'  belwnn  l>*'>»wcc«iiv« 
lines.     Finally,  ihe  receiver  should  be  so  well  aiLii»tctl  for 
the  work  ihat  it  can  receive  the  messages  without  danger  of 
onofusion  as  rapidly  as  sn  cKjtcrl  Iclcgrnpli  n|)cnilur  can 
tr.iittiiut  llieni. 

Ucforc  Ihe  action  of  the  "  |>Tiiiter  "  itself  can  be  readily 
followed,  we  mutt  descrilw  the  "transmitter,"  which  b 
confined  lo  ihe  privacy  of  the  Central  News  olTite.  This 
instrument  is  shown  in  Fig,  2i>l>.  It  is  providoil  with  a 
keyboard  fitted  with  long  while  and  Khort  bUck  keys 
ahetnaiL-ty.  F^ch  key  corresiMndt  In  a  jxirticular  letter  or 
signal,  and  correspontling  letters  arc  utan];(.-d  in  tlie  same 
order  round  the  lyiic-whect  in  ihe  printer.  Over  ihc  back 
ends  of  tin;  levers,  of  which  the  keys  form  the  front  ends, 
ihcfc  revolves  a  cylinder  carrying  a  set  of  projcrtkinfi 
helically  armngcd,  so  that  c.ich  is  brou!;ht  sncm-iiively  in 
a  vertical  |>o*itioM  over  one  of  the  levers.  Svn>liri>iu>usty 
with  the  revolution  of  this  cylinder  a  vrrics  of  inlerrupted 
currcnis  arc  sent  into  the  circuits  of  the  receiving  instru- 
ments, and  thv»c  c.ituc  the  ly]>c-wfaeels  of  the  latter  to 
revolve  at  a  i])ced  exactly  f'|iial  to  that  of  the  cylinder  in 
a  raanncr  lo  be  described  presently.  An  lon^  a^  no  keys 
are  dcpicsscd,  ihe  cylinder  and  the  lyiw-wliceb  rotate  on- 
intcrniptcdly ;  but  when  a  key  is  dci)f  ■  ■'  ■  ~  =  ^las 
the  correiitoiidtiig  |>iojection  on  i1k  < ;.  uti 

comes  oi^Mnitc  to  it,  it  is  caught  \.\  Ay  ^mc|c 


5 


7! 


9 
0. 


o 

3 


M 

C 

a 

Id 


S<A 


Tf/s  EtEcruK  Ci'Kge.vr. 


and  ihc  cylinrfcT  is  stojipcd,  ^imiiliiincoiixly  '•lopiiit);:;  ihe 
cuircnU  abovc-in<.'i>lion4:d,3nd,  tlicfdore,  siopptng  the  lyjio 
nhixts.  At  the  same  lime  anolhcr  circuit  is  dosed  \if 
the  piojecliitg  s|iur,  whidi  imwnitx  »noihi.T  cunmi  t»  the 


Ik^.  »vt.-    M-|££l>f*'  iWuian  r>iT(^, 

recetviit  and  causott  Iht  inrrlianiim  At  |>nnling  lo  conu: 
inio  play. 

In  paMiii^,  wc  may  remark  ihc  receivers  arc  not  worked 
(lirccilybytlM;  mrrcnw  from  ihc  irammittgrft  br-  •'■-■  T'ays 
are  iiiiLtpiKml,  wtiid)  n-ndi-r  c(>utra|  ariHl^b  ^o  it 

prarilile  to  work  mure  circuits  wKhJ^^^^B'  ^l\, 
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K'iiig  ni  tii  itc'l  liy  one  rcUy,  nnil  :i  niimli<:r  nf  relays 
bi'iiii;  |)it(  in  K'ticv  In  ihixn-nyiui  runny  a!><.-i^lito<-n  hundred 
roccivL-i))  can  l>c  ser^'ed  )>y  a  sinijlc  Iransniiller 

Tinning  tinvr  to  the  receiver,  wc  shall  dc^ribc  llie 
•■  Column"  tNtnting  imtnimuni  invented  by  Mr,  Higgins, 
of  (he  F.xchancG 
iVIcgrapli  Con>' 
jNiny.  Wc  scio  i 
this  becatifle  ti 
tixi  the  frsi 
column  printer  At- 
vclopciJ  In  lUu 
nage  of  beinft 
1 M  act  k  al  ly  iuf  ctis- 
ful  in  aclujil  work- 
ing, andi,  nwre- 
over,  is  adaplcd 
toihc  tmnsmittc 
just  dcstcii  licit. 
The  instniineni  v. 
shown  in  pcTspcc- 
tivc  in  Fig.  ly;, 
and  an  ntitlim- 
|ibn  »r  it  is  given 
in  Bg.  *<>8.  The 
broad  band  of 
lia|xr  rei|uired  few 
ihc  |>[ii)iin^  is 
conlxincd  on  a  mll(T  at  Ihc  back,  and  the  part  receiving 
tiK  mcvMge  i>  held  fiimly  in  ^tpfHoprialc  grips  dimng 
the  |»in(ing  uf  a  line,  but  can  be  Ted  forwani  when 
rei|uiicd.  V,  is  (he  i)|)e-wheel  sliding  oit  the  axle  D 
and  the  two  ecrcniti*:  rods  UU',  ihcsc  lods.aiHl  the 
axle  aie  moved  rwnid  slc|>  by  step  by  Ihc  action  of  the 
vl  C  aiwl  (he  ninhei-vtliccl  c'.     The  ami  of  this  |iawl  is 
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attached  to  the  rocking-nxle  C.  which  in  iu  turn  is  con- 
iicLicd  i>y  the  Anns  c  to  the  armature  of  lite  eleciro-nttiicnet 
It.  This  nwgnci  receives  iht  rapidly  intciruplcd  currcnls 
from  tlie  IransRiittinginsiruiiKnii  whenever  .1  current  [>nHI:^. 
the  ATituitiin;  is  drawn  down,  but  is  drawn  Uack  itgnin  Vnf 
tlic  H)rinK  N  (Fig.  ig;)  when  the  current  \%  tnlL'tru]it(.-iJ. 
Thus  ilic  tjpc-wbcel  is  caused  to  rcvolirc  synclironoiislj 
with  the  current}  <iciil  from  the  tinnsmiticr.  When  the 
currents  are  sto|>|i(;<I  by  the  (k'[neMion  of  one  of  llic 
lettered  keys  of  the  ttansmitter,  lite  ly|>c  wheel  Bt<i|>s  with 
the  corresponding  letter  opposite  the  pj{)cr.  At  thii> 
momchi,  .1$  Rlrc^dy  e^plnincd,  a  sc«oik1  or  prinlin);  circuit 
is  closed  at  lite  iransmiiter,  and  a  current  pasws  ihnmxh 
the  printing  nugnct  H  ;  the  armature  of  this  mapirt  b 
attracted,  and,  by  means  of  the  arms  IT  attached  to  a 
lorking  Khufl  I,  moves  furwiitd  Uie  rrame  carryiit;^  (he 
IKiper;  thus  the  latter  is  brought  in  contact  with  the  type- 
wheel  and  receive*  the  desired  imjircssion.  As  this  frame- 
work fall*  lack  it  bring*  inii>  |iby  the  mechaniam  by  which 
the  type-wheel  is  moved  laterally  throu^^h  the  sftace  of  one 
letter.  On  referring  to  Fig.  i((8  it  will  be  noticed  that  the 
type-wheel  and  inking  Totler  arc  conDccted  to  a  sleeve  i>r 
nut  Iraveltirig  on  the  <jukk -threaded  screw  F;  if  the  latter 
be  turned,  the  lyiw  wheel,  etc,  must  be  moved  sidirways 
either  to  the  right  or  left.  Now  a.t  ilte  \a.\itx  frame  falls 
bock  it  moves  a  k%-cf  and  pawl  (not  shown  in  Fig.  998) 
which  act  on  the  ralchct-whcci  M,  and  turn  the  screw  F 
just  sufficiently  to  move  tite  nm  F'  one  t|»ce  to  (he  nghL 
At  the  same  time  the  tooihcd  wheels  F'  and  F'  are  moved 
round,  and  a  «atch-spting  in  F'  is  partly  noinid  u|).  I'his 
coiled  spring  is  used  to  rcltim  the  tyiie-whccl.  etc.,  back  to 
the  left-hand  Mde  wlii-n  it  has  compk-ted  a  tine.  To  do 
litis  a  xfKcial  key  lias  lo  be  dq)re»«d  in  Ihe  tmnKmiuer, 
which  cauHRt  itie  lype-wrlteel  shaft  D  to  stop  in  stich  a 
position  that,  when  the  papei-carryint;  frame  (alls  hack  afict 


SvetfAKtXh    TELSXlSAtNV. 


601 


ntlvancJDg  tmly  a  narl  ttf  the  ustial  di»t.intv,  a  pin  I>^  on  \i 
a<:ls  ii|KHi  a  sjstcra  or  levcn.  which  li(l>  the  Ktchcl  ull  M  and 
thus  rcleasn  the  s^haft  F.  The  coiled  &j>rini;  then  lapjdl)' 
lutalvs  ihiK  shnll  in  the  backnjird  direction,  mid  Uius  brings 
the  l]r]>(:'»'Ui.-«l  ijuickly  to  thv  hcgiitning  ut  a  fresh  line.  Al 
the  ainie  time  the  i>in  U'art.t  upuii  another  syMem  »f  lewni 
which,  sa  the  papcicdrryinK  rrarae  mut-vs  towards  ilic  type- 
wheel,  causes  the  paper  to  be  fed  forward  through  a  space 
ei]iial  to  the  disLmcc  between  two  lines.  In  order  to  place 
a  proper  Sfuce  l>etwecn  seiMr.ite  mcswgCTt,  iir  Id  liririi;  fur- 
ward  the  |Mper  so  as  to  ex|fOM:  the  end  of  the  taM  ineiiM^e 
printed,  it  is  only  DeccsHatjr  lo  depress  the  »|Kcial  key  on 
tlie  trantmilier  several  limes  in  succession,  and  al  each  dc> 
]iresiion  ih>-  paper  will  lie  f«i  (orwaid  through  the  alwire- 
naiiiH  dislaticc-  nithoiit  anything  beitij;  ptintcd  on  it. 

With  the  dcscnption  of  these  ingenious  tnsinimenis  we 
must  Inini;  our  teuiarks  on  overland  telegraphy  lo  a  ilose. 
W'c  must  not.  however,  leave  die  jieneral  subject  without 
devoting  some  liidc  siHtcc  lo  ihc  still  further  wonderful 
triumphs  uf  engineering  and  scientific  skill  involvi-d  in  sub- 
raarine  leleKrajihy. 

Sl'liMAKINK  TeLEOBAPHV. 

When  it  is  attempted  lo  apply  the  methods  and  sysiems 
alreaily  described  for  the  purpo.ve  of  com  mil  nica  ling  between 
coiirtlries  sefiaralet!  l>y  seas  or  occ^ins,  nunieruux  ad<lilional 
dilTiculiics  present  tltemsclves,  of  such  a  nature  as  lo  greatly 
inodify  the  details  of  ibc  apiKtratus  employed.  Besides,  tliere 
is  the  initial  diDk-ulty — which  delayed  the  devcloj>ment  for 
many  yean  uf  e^tithli.^hing  a  conducting  rommimii-^ilion 
between  ihe  iwo  cuuniite^  coni-emed.  Il  is  no  longer  a 
case  of  wires  stretched  on  posts  ihrot^h  the  non'Condueiiiig 
air,  but  of  passing  a  properly  insulated  conductor  through  a 
g(KMl  conducting  medium,  and  that  a  medium  in  which  it  is 
inijios^ible  for  men  to  live  and  move  freely.    However  deep 
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(he  OLcnn.  iht'  u-ork  of  jiUdnj;  tite  ronditclor  ur  al>le  most 
be  carii«d  on  frooi  tlit-  miiav.e,  and  nuiiiy  mttlmnir.i!  ilifh 
L'ultics  have  to  be  oveicoi)i«.  Moreo^>cf,  as  rtgAnU  the 
insiilnted  rondiiclur,  scrcrsl  trials  and  fuiliia-^  ««e  inailc 
bcf»TL-  a  Hillkienily  good  fonii  for  permanent  work  wa^ 
evolved. 

Before  procccdinf;  lo  describe  sonic  of  ttie  chief  iitMtu- 
meiils  ii»cd  in  submarine  ick-Kraphy,  a  \mvi  histMrkxl  *kelrh 
of  the  early  KtTU)t;{!li.'s  nnd  ililTiculii«s  of  cable-byjng  may  iwi 
lie  withoiil  iiUeicM  to  »i>r  iuder&. 

HistoricaL — It  lia«  t>cen  alri-.-idy  mcntionvil  lliat  I  .c  Sage 
in  1774  and  Salva  in  1795  proposed  iIil-  tiic  of  iit«iil.ticil 
C4l>te9  for  eleclrlc  circuits.  In  i$t>  Sclt)llifi[{  laid  huHi 
ealilef!  in  the  Nevii,  and  l>y  tlieir  mcnns  exptfilcd  p'Hvdrj 
mines.  In  1839  Sir  Willinm  O'Sluughni-ssy  Brooke,  in 
some  tvlegrapliic  ckfKrinicnlK  !ii  !)i.-it);al,  uwd  a  ciroiit  31 
miles  lonj;,  7,000  feet  of  which  consisted  of  a  cable  sunk 
in  a  river ;  and  to  bim.  iltcrcfore,  twlongs  ibc  credit  of  first 
actually  transmitting  signals  under  water.  l''or  insulation 
he  u-vcd  jHtrh  and  inireil  hemp.  A  similar  en|)eriment 
was  made  by  Eiira  Cornell  in  the  Kiver  Hudson  in  1S45, 
between  Fort  Lcc  and  New  Vork,  .1  distnnce  of  1  t  miles. 
He  used  a  double-wire  cable,  with  indijrubber  in^^iiUlion 
in  a  leaden  tube ;  but  after  Kome  nK>nlhs  his  cable  wax  ctit 
l>y  ibe  ice.  Meanwiiilc  «:t-eTal  jnuposals  had  been  made 
for  connecting  Francx  and  England  and  Kurope  and 
America. 

The  first  cable  l>etwe«n  l-'rance  and  Kngland  vnx  laid 
in  August,  1S50 :  it  consisted  of  guiu-pemlu-cavered 
copper  wires  sunk  by  leaden  weights  attached  to  il  ai 
irMCrval-s.  It  was  broken  -  it  is  su|>|Kisied  by  Friction  agaiiui 
the  rocks — licforc  the  laying  was  completed.  I1ic  fnllow 
ing  year  a  lietler  designed  cable  nn«  laid  ;  the  t:"ll*'t'^''<~ha- 
covctcd  wires,  tA  which  tliere  were  four,  nap  protected  willi 
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wires  vrcrc  wound.  This  t-.ibk"  uas  tlit-  first  iiwtl  fof  fiulilic 
incs*.igts.  and,  though  (r«(jui.nily  tcpdircil,  lia.i  ntvi-r  Iweii 
entirely  reneviO.  1u  i>ucrx-Kk  led  to  ihc  la^ii^  of  numerous 
shon  i-4l>tc5  in  (lilTcici)l  |urts  of  RurojH- 

■llic  more  sciiout  |iroblem  of  byinj;  a  calile  from  Kurope 
Ui  AmctK'ii  wiLN  now  liiijii: Cully  .-iil.-Kki-d.  Tibbels  ami  (iiit- 
hornc  forined  the  Elecliii;  Telcgrajth  Company  of  Ntw- 
foundland  in  1S51,  aiid  connected  Ca|>e  lln-tun  irith  Not-a 
Srolia.  In  1854  this  comiuny  was  merged  into  a  larger 
(Tominiiy  fomn-d  l>y  C.  ^V.  I-'i«l<],  and  a  cable  85  miloi 
loHf;  was  successfully  Inid  Iwlwecn  Cnpc  Breton  and  New. 
Ibundland.  Field  ihcn  visited  England  and.  in  conjunclioit 
with  Sir  Charles  Bright,  Sir  Jolin  I'endcr,  and  others,  formed 


ilie  Aibiitic  reli.i;rat)U  Comiiaiiy,  with  the  object  of  bying 
a  cable  acroiss  the  Atiaiilie  Ocean.  The  kind  of  mbte 
de'^idcd  upon  i.-^  t-liown  in  Fij{.  299.  It  coaustett  of  seven 
cu|i]icr  wires  a,  each  003  inch  di.imeter,  which  were  covered 
with  three  layers  *  of  gutta  pcrcha ;  outside  tht^sc  there  was 
a  covering  c  of  jute,  and  finiilly.  to  kitengthen  the  cable  and 
protect  it  from  being  «ul  ihinuKh  by  rocVs,  eighteen  iion 
rope:!  d,  eaeli  made  of  Mven  iron  wires,  were  wound  on. 
This  was  ibe  deep-sea  portion ;  the  shore  end  was  still 
more  heavily  armcHired  with  iron  [ope«.  The  cable  vas 
placed  on  board  twn  Covcinment  vessels  llie  Knglinb  ship 
AgamtfHHon  aitd  the  United  SuiIck  ship  jXiiix'ira  :  and  ll;e 
laying-down  was  commenced  on  Ati^iist  7ih,  1S57,  from 
Vakniia,  in  Iretand,  along  a  route  previously  survcyetl  by 
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CAfil3iit  Muiiry.  On  the  ihird  d.iy,  ■tftiT  3J14  knots  had 
bc«n  ]K)id  out,  the  cubic  bruke  ;ii  a  [>lucc  whcTti  llic  ocean 
WHS  more  ihan  iwo  miles  (teep.  The  »hij»  then  teiumcd  to 
ICo^Und,  .ind  inoic  cable  having  licen  indnuluciurccl  lo  re 
pI.Kc  ihc  loKt  puriiun,  and  belter  jiaying-oul  nMchlnciy 
having  iK-vn  conMniricd,  mvoihcr  ailumpt  w.rs  mule  in 
[858.  This  time  Hit:  laying  ^luwn  was  cwimirnctrd  in 
inid'ocnn,  the  two  ve&seU  slcamin];  — one  lowanU  Valeiitia 
ami  ttie  other  towanls  Newfoundland-  After  several  mis-J 
hapN  the  i:)l))e  was  m»< vsi.riilly  \i\>\,  and  the  (ir»i  inc»sag« 
Imnsmiitcil  on  the  ;i)i  of  August,  185ft.  The  imuUtion  uf 
this  i-ahlc,  however,  was  not  very  ROod,  and  Rip«illy  twciune 
wonte,  until,  on  the  is!  o(  SL-i>ten>lier,  it  broke  ilown 
altogetlter. 

In  the  next  atteoipt,  in  1S1V5, «  much  better  desigiteil 
cable  was  used,  and  llie  largest  tcsscI  then  afloat,  the  Great 
Faslrrn,  was  <h.ittcreil  lo  lay  it.  Several  niidiap»  occurred 
diitiiij;  the  laying ;  and  eventually,  when  itithin  600  inilirs  of 
Ncirroundland,  it  broke,  and  all  attempts  lo  grapple  the 
broken  end  were  unsuccessful. 

X\'ith  all  the  experience  now  aC|Uired,  another  atteni|)( 
was  nude  in  1866.  and  this  lime  the  Grml  Eatlern  succew- 
fully  accomplished  tlic  task  in  fourteen  days,  the  end  of  the 
cable  being  finally  Uitdcd  on  the  27th  July,  ami  the  line  being 
opened  for  ptihlji'  meKt.i);eM  on  the  4lh  August  fallowing. 
The  leiijtlh  from  Jiorc  to  shore  was  abotil  j,  1 40  miles. 

Sinec  that  dale  many  other  4:ablcs,  wiili  an  aggrcRate 
length  of  over  i(>4.Aoo  mik-s.  have  been  laid  in  all  pan* 
of  the  world ;  and  (he  .Mlantic  itKctf  i>  now  spanned  by 
no  XvrcKX  than  twelve  cables  «mnr<  tin;.;  Europe  wiih  N«irth 
-America.  For  ihc  work  of  cable  I.ivtm::  ii.il  tojMiring,  a 
spccisi  fleet  of  steamers  has  been  l  .  tngcfm- 

tinitally  added  to:  so  lh;it  what  was  ^  n^d  with  so 

inudi  difficulty  and  risk  as  luu-  nt  if  •mller  of 

ordiiuff  eon)M)ea-ial  practi'  n(  Ihe 
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project  Gi  coiincrliDK  our  Aiutrabsian  ColonicK  lo  the  «-«.-»( 
coasi  of  C^ada  l>y  a  rabic  qikms  ihe  l*3cifi<'  i*  being 
<«rioiisly  advocated.  Ulnid,  Wm  ralik-  will  he  in  all  iitioiii 
A, 700  inilL-s  long,  btii  vill  W-  bid  in  mlionK.  Irmchtng  ni 
sirtnc  iif  iIh;  I'arific  t&lanih  fH  nmit 

Modern  Sabmarine  Telegraphy.  The  dilficuliivit 
which  limit  llu-  i>|iet:d  ni  KignxUinji:  on  long  land  lines,  owing 
to  ihv  efTccis  of  clc<'troi.iatk  iitiliiciion,  are  iiirich  more 
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severely  felt  in  calile  work.  The  coiiUiiclor  o(  a  biM)-linc  is 
usually  niao)  feel  from  ttie  uiiface  of  the  o»ndiieiin}t  e.trlh, 
whereas  the  insulated  conducior  of  a  ttulmiarinc  cable  is 
very  vXivjn  to.  and  is  entirely  surroiinded  by,  the  condiiciing 
xea-waier.  The  diretrotUtic  siraint  set  u|i  in  the  dielccttic 
in  the  Utter  caic,  when  ihe  eondnetor  is  btoughl  to  a 
)ioicniial  diflcrcni  from  thai  of  ihc  water,  arw  much  greater 
than  in  ilic  former  case,  and  the  disturbing  effects  are 
corre3i>ondingt)'  incTc;is«l. 


<K>6 
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M.iny  attempts  have  bovn  miKlc  lo  ininimisc  the  <lis- 
turbatKi;  ti>-  using  specwl  l<>niis  of  keys  an<I  txlivrwitr,  Ihii 
the  s|>ccd  altoinvd  for  many  years  wax  very  nIow  u  coot' 
[Ktred  wiih  that  on  land  lines.  Most  or  these  huYkt  cOrorU 
dsetl  hfliitlMgnnlliii);.  -loO  it  r.is  not  till  iS86  itut  a 
mc4:hitni(  111  inmsmiller  for  ordinary  signals  was  ouccCMlully 
affiled  liJ  Atl.irtlic  wuik  l>y  Mr.  T.  }.  Wilmul,  the  Sopcr- 
iniendcnt  of  the  Comincrcial  Cable  C'on)|uny,  at  ilieit 
landing  st.iiion  at  Waicrvillc,  Irvland.  Mr.  Wilinoi's  irsn^- 
tiiitter  IN  a  inoilifieil  and  iinprovetl  form  uf  the  autotiuilic 
VVheatsione  transmitter,  already  described  (pofEe  580).  li  U 
Hhowii  in  Kig.  300,  and  in  appearance  much  rcscinWcs  ihc 
older  inslniinent.  The  chief  dilTercnce  is  in  the  iiysicn)  nf 
levers  and  cjmx,  l>y  wtiicli  the  motion  is  Innsmilled  from 
the  perforated  paper  to  the  euniact  points.  AIm>  fur  calilc 
work  the  dots  and  dashes  of  the  ordinary  ink-irriter  arc  not 
used,  Init,  inste.u),  we  hn^'e  the  right-  and  left  hand  muvc- 
ineiits  <j(  a  reeurding  galvanoKOpc  {H'(>duce<t  by  euirenis  in 
opposite  directions.  The  iransniillcr  ha$  to  alter  (he  con- 
tacts of  il)c  circuit  to  jnoduce  these  currents,  .^nd  the  slip 
nseil  is  therefore  punched  dilTeTenily.  l-'or  in'itance,  the 
x| Mil' i men  word  ^\i:n  on  page  574).  if  intended  fof  use  with 
a  cable  trattsmittci,  would  appear  thus  on  the  strip  :— 


o       0000  o  o  000  o  o 

,ooeooooooooooo«ooooooooooooftoaa«o 
(         OQ  00  O    000    O 
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\\'ittiout  i;oing  further  into  the  ditferencex  Ixitveen  the 
two  iiaitsmiileni,  wc  may  say  that  a  ^pccd  of  »so  lo  300 
letters  per  minute  is  regubrly  nuintainc*  t^  the  Atlantic 
cables  with  Mr.  Wilroot's  modified  U  dut 
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the  signals  rcrdvLs)  aru  initrti  mure  t'nsily  rca<I  tlian  those 

The  Siphon  Recorder.  -In  ihc  Mrly  days  of  cable 
tclfgr.iphy,  dclicaic  iiiiiior  gAlvaiKxncleTs,  such  a«  •nv  hav« 
deBCiil>ctl  in  a  previous  section,  were  used  8S  receivers,  and 
tlic  movements  of  the  ti>ol  of  light  to  the  right  and  left 
Aoriertponded  to  llie  two  disiinnive  signals  of  lUc  Morse 
<ti&e.  Tlie  re.wiing  of  sucli  a  receiver  n.is  very  f.iligiiing  ; 
the  spot  of  light  lud  to  be  constantir  waUhed,  fur  there 
was  no  sound  like  llie  rlick  of  tlie  nevdie  instniraetit  to  tell 
when  a  nietd.igc  nas  being  commenced.  Murcover,  no 
record  of  the  nKssai^c  vn%  left,  and  tlic  possibility  of  erron 
wds  much  increased. 

These  nxeivCTs,  tbcrefote,  wonderful  iriumpliii  of  sikill 
though  they  were,  have  now  l>een  contpleicly  superseded  hy 
another  rbss  of  intirumcnls,  knoftn  as  "Siphon  Kecordcni.'' 
Originally  devised  l>y  the  lame  fertile  inventor.  Lord  Kelvin, 
to  whom  we  one  llie  scnutive  miiror  galvanometer.  Ihcy 
have  been  successively  improved  by  him  and  by  others, 
until  wc  noiv  possess  a  receiver  admirably  adapted  to  the 
rctioirenicnts  of  Iung-di4-tance  ocean  telegraphy. 

I'he  :^)>lion  Kccoider  is  a  sensitive  galvanometer  with 
the  miiroT  removed,  and  its  iitace  taken  by  a  siphon,  from 
which  ink  can  be  s^Mirtcd  on  to  n  riblwn  of  |ia|K.-r  drawn 
[laKt  \i*  eiid.  The  (lanii  tilar  kiivd  of  calvanomeier  used  i.t 
that  which  wc  have  already  deHcribcd  at  |>age  %t,i.  under 
the  lumic  of  the  D'Arsonval  galvanometer,  the  latter  being, 
in  fact,  a  siphon  recorder  adapted  for  onlniary  labor^itory 
wiiik.  A  reference  to  our  jneviou-s  description  will  show 
that  the  essential  ixul  of  this  instrument  is  a  light  coil 
of  conducting  wire,  which  is  free  to  move  in  a  strong 
magrietic  Acid,  the  movements  being  contntlled  by  toraion. 
But  instead  of  the  dcfte^'iiuus  of  the  coil  licing  indicated  by 
a  mirror  retlcctrng  a  brain  of  Ughl,  a  fmc  glass  tube,  about 
one-hun<lrcdih  of  an  iitch  in  diameter,  is  employed.    Thi$ 
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tube  i»  benl  into  tin;  fonn  of  a  "  siphon  "  (wlicmre  ilic  fiim  ■ 
<>r  the  imtrutiK-nl),  ilic  Oiort  atiii  of  which  ilips  tnio  an  ink 
well  altovc  the  level  of  ihe  iiapcr.  The  movcmcni  of  ibe 
ink  in  iIk-  lube  is  anisted  hy  mechanicat  vihraiion,  with  tlic 
renili  ilinl  a  shower  of  line  <]ro]it  miies  from  the  Idwct  cn<t 
on  lu  the  ir.ivelUnjf  psper  ribhoti.  As  this louei  end  ia  mmni 
to  llic  right  and  tefc  li)'  tho  inovcincnis  of  ihc  coil,  a  WJivf 
line  IS  Intrvd  on  the  pniwi.  Kiviiiji;  (h«  signnU  of  the  Monc 
<:o<te.  Thui  the  woni  given  iihove,  .is  ]niitchc<l  fnr  the  Iriim- 
■littler,  would  a|i);>ear  on  the  riblxin  o'.  the  receiver  thiiit ; — 


\S       H       K  A    ■(■        S      T     <>         N 
I'il  )M.-  MfMigc  M  Miiici  hy  i>K  S^hvo  Ktmnld. 


KS 


I 


Both  ihe  punched  strip  ami  ihc  icccivod  message  arc  fiiO 
siiTc  One  of  the  most  ntoclcrn  fonnh  of  the  siphon  recaittcr, 
as  iin]>roved  by  Mr.  Charles  Cuttriss,  is  shown  in  Kig.  503- 
MMNf  ate  hori;!ontal  circular  itcci  maf;nets,  which  prorture 
Ihc  field  in  the  annular  space  in  whirh  the  coil  K  swings ; 
the  l.ittcr  is  pivnted  top  ami  Iwltom  in  agnic  bearings,  and 
carries  eccentrically  a  piece  (»f  aliiminium  V,  with  a  slot  at 
its  upper  end!,  lliTough  which  jiasses  one  of  ilie  rt^ulatinf; 
fibres  D',  by  vhich  Ihc  motion  of  the  coil  »  ir.ifi^mttted  to 
the  siphon.  .M  unt;  end  l>'ts  attached  to  a  rigid  siippoti 
O,  ay.A  at  the  other  lo  a  flexible  sjtring  F,  a<ljustatrle  by 
moving  the  index  Ci'.  'I'his  fibre  and  »]>'^ift  ^'^^  furnish 
the  foioc  controlling  the  movements  of  the  coil.  C!lose  lo 
K  the  fibre  (>'  is  crossed  at  right-angles  by  another  fibre  D. 
one  end  of  which  is  attached  to  the  atljusiablc  spring 
K,  and  tlic  other  cod  to  a  projection  frOM  a  vertical 
wiie  stretched  in  the  tube  I.-  r  '  -  veiikal  wire  is 
securely  fastened  tlie  si|>)ion  P,  ■  if  which  <lips  into 

the  ink-well   (j,  and  the  olh  lo  the  travelling 
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paper  ribbon  J,  on  which  a  coatinuoiii  ttream  of  Cine  drops 
of  ink  is  spurted.  The  inovcmcnt!i  of  K,  l>y  mo.nns  of  the 
connections  dcsciihcd,  cause  ihc  end  of  P  10  travi-l  to  oiw 
»i(k  or  other  of  the  paper,  thus  converting  what  would 
otherwise  i»c  a  Mrnight  line  of  doU  into  a  wavy  line. 

I'he  airangeinenls  for  cjiuxinK  the  ink  to  lion-  through 
ihc  siphon  arc  (anicuUrly  in^iciiiotis  and  distinctive  nf  this 
form  of  the  in^tuincnl.     '['he  t.ihlv  T,  over  which  the  paper 


Vribt 
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ribbon  passes,  is  the  end  of  an  clcclro-mngncl,  which  is 
rapidly  mngnetiK-d  and  demagnetised  by  means  of  an 
internii>te<l  current  supplied  to  it  from  a  separate  battery. 
Attached  to  the  writing  i>oini  of  tiie  siphon  P  is  a  little  bit 
of  No-  30  soft  iron  wire,  about  one-eighth  of  an  inch  \<tn%, 
and  001 3  inch  in  diameter,  which  is  attracted  every  time  the 
magnet  T  is  energised,  and  s)>iiii(^  back  again  on  deinag- 
neiisation,  thus  setting  the  siphon  in  vibration  and  knocking 
Ihc  ink  out  of  it     The  interruptions  of  the  current  which 

KN 


M^A 


6io 


Tun  Elucthk  Cvkkf-kt. 


magnetise  T  xtt  oiiHcd  Ity  the  vibraiur  mngnet  Z,  whoK 
iimxiiurv,  tidng  attracted,  causes  9  break  in  the  drciiit  nt 
M'hU:!)  aci«  like  the  break-con lact  of  an  electric  irciiiltliti 
bell.  Thus  when  the  armntun-  is  nttractcd,  ilic  current  id 
Zand  T  \%  broken,  the  nnaature  flies  oflT  again,  rcfnukiog 
the  cont;trt  fX  V,  ii  a^ain  atlracted,  and  so  on.  The  rule  ■)( 
vibration  of  t!ic  aTinaiuri-.  and  tlicrcforc  of  itic  inlcmi|iii((n 
of  the  current,  is  regulated  by  ihc  qiiantil}'  o*  I'w  niercuryl 
ID  the  glass  tube  W  altttcbcd  to  the  armntUTC  This  tube  w 
connected  by  a  flexible  tube  (o  >  reservoir  X,  caotainii: 
mercury  ;  tn  tbU  reservoir  is  a  piunger,  which,  when  mov( 
up  or  down,  olicrrs  the  level  of  the  inercury  in  W,  thu» 
altering  the  moment  of  inertia  and  time  of  swing  of  tbc 
vit>rating  annatiiie.  'ITic  rate  of  vibration  of  W  must  be 
adjured  to  currcsiKHu]  with  the  imtutdl  ])cr>ad  of  vibration 
of  the  siphon  P,  for  it  is  only  uhvii  the  iniinilscs  arc  limed 
tougreewith  thisjicriod  that  iIk  required  cITect  is  piudiiccd. 
By^terio}^  the  mercury  in  W  the  rate  can  be  mried  between 
60  and  100  imputws  )K'r  second. 


The  Telephone. 

Wonderful  as  art  the  results  ntl-nincd  by  the  telcj;ra|>b,  il 
musl  Ik'  a<]niittt.-il  (hat  thi*  achievements  of  the  telephone 
are  still  more  wonderful.  For  llraugh  comumnii^ting  by 
prcconccncd  signals  over  a  distance  of  ihousands  of  intl< 
is  an  e»i>loit  which  in  the  n«  st\\  dittant  pa*(  wouM  hav( 
been  pronounced  absolutely  impossible,  ihe  reproduction  iif 
s|)okcn  words  marks  a  liinher  advance  not  less  surpri.sing, 
sod,  at  first  sight,  incredible,  ff,  then,  the  history  of  ihe 
dcveIoi>ment  of  the  former  is  comprised  within  the  bitef 
space  of  tlic  last  one  hundred  and  fifty  year*,  it  is  not 
remarkable  that  the  record  of  the  httcr  commences  still 
Uier.  and  covers  a  period  of  less  •'••"  *orly  years. 

The  difliirullica  to  be  sunn  'uly  be  x|>|)redalcd 
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by  a  carcrul  study  o1  ihat  port  or  ihc  science  of  acou&tics 
wliicli  treats  of  tlu*  fornis  of  tlic  wares  l)y  which  'iiccch  is 
Ir.immiUcil  lhr(iUi;h  Ihc  .iir  froni  a  ta1ki-r  lo  his  atMlilor. 
These  waves  arc  exceeding!)-  complicated.  Nesleciiii(;  for 
a  moment  ihc  difrervn<;c  in  ihc  method  of  propagation,  a 
slight  idea  of  the  complicated  natviie  of  the  w.ivcs  may  he 
obtained  l>y  oliser\-in(;  the  waves  of  the  ocean  during  a 
heavf  Uorm.  llieic  are,  firm,  ihc  heavy  rollers,  wiih  an 
interval  of  hundreds  of  feel  from  crest  lo  crest ;  btit  between 
the  two  crests  of  successive  rollers  there  is  a  scries  of 
niimeious  waves  whose  sire  is  by  no  means  contempt  ilile. 
On  these  br^e  K:t\-^  are  «ipciiin|Kiscd  ag^in  still  smaller 
waves,  whose  surfaces  in  iheii  turn  are  furrowed  by  ripples, 
and  even  the  ripples  have  still  smaller  irorrugaiioiu  disiuthing 
the  unooihiicas  and  regularity  of  their  forms.  Bndcavuur  lo 
fix  the  attention  on  a  tingle  |i:itti<Ie  ni  tlie  .to  rfate- water,  and 
consider  for  a  moment  how  complicated  tis  motion  must  be 
under  tlie  influence  of  all  these  waves.  Then  pass  lo  the 
case  of  the  sound-transmitting  air,  and  realise,  if  possible, 
that  the  motion*  ofanyimltvidu.il  p;iiti<!e  of  air  when  trans- 
mitting speech,  are  much  more  complicated  than  those  of 
the  particles  of  water  in  the  previous  case,  and  much  more 
rapid,  inasmuch  as  sonic  of  the  smaller  ripples  consist  of 
vibraiiom  of  which  hundreds  Like  place  in  a  single  second 
of  time.  The  diflicu'ty  of  the  problem  to  be  solved  will 
now,  wc  hojx:,  Ik-  loroewliat  apparent.  The  voice  of  Ihc 
xiteakcT  hets  up  these  complicated  disturbances  in  tlie  air 
immediately  sunoundiu);  him.  ThcM:  disturbances  have, 
then,  to  be  reproduced  in  their  entirety,  wave  for  wave 
and  ripple  for  np(>)e,  down  to  the  miimtest  i>e<:ulia(ity,  at 
the  distant  place,  in  ofdcr  that  the  listener  may  recognise 
not  only  the  words  sjwken,  but  also  the  intonations 
and  inflections  of  live  voice  of  the  sp«iker.  That  the 
reproduction  is  not  altogether  pertect,  as  yet,  under  all 
circumstances  is  not  to  be  wondered  at;  the  wonder 
NS  a 
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ralhcr  is  that  nny  rccognisnblc  sound  ibouk)  tuvr  Im-n 
jiroduci*')  .11  all. 

Historical.— The  idea  or  irammitting  sounds  to 
dismncc  nlong  a  siidchcd  vrirc  or  string — as  in  ittc  M 
called  "lovcn'  idcphonc  "— i«  ver^-  old;  bui  lh<:sc  tntu 
missions  were  purely  mechanical,  and,  from  ihcJr  luuurt 
liiiiilcd  to  slioit  distances,  It  is  not  Dcci-ssary,  llictcfora 
to  (Oiisidcr  eIkhi  in  dctiii). 

The  UnX  di-scovcry  in  llie  direction  o<  ihc  |ic«»i)jiliiy  o 
electrical  tmnsiDisuoti  of  sound  was  nude  In  1837  l>y  I'a); 
who  observed  thai  sounds  were  emitted  by  an  iron  lu 
when  being  n1agneti1u.1I.  Joule  aftcrwatdt  tliowed  tli.-i 
these  soun<U  were  accoin|iaiiied  by  a  very  mull  Ui 
measurable  extension  of  the  bar  in  the  direction 
magnetisation,  and  were,  iherefcwe,  due  to  sudden  mok 
culat  movements.  A(teni|>i3  were  made  Troin  time  to  tiro 
to  utilise  this  discovery  of  Page's  tele  phonic  ally,  but  noni 
were  successful  until  1861,  when  Philip  Keis,  n  CJerma 
sdioolmojter,  solved  the  problem,  ami  acluully  Ir.mNmittei 
musical  sounds  electrically  to  a  distance.  Indivd,  there  i 
very  little  doubt  but  that  Kcis  abo  transmitted  aiticubi 
c|>eceh.  His  tmntniittcr  tronsisted  of  an  inslnimcnt  witi 
a  loose  contact,  whose  at^tion  will  be  better  understtxx 
after  we  have  described  some  modern  trnnsmiltcts.  flii 
receiver,  however,  was  based  on  Page's  diicoicry,  and  con 
sixled  ui  a  knitting-needle  surrounded  by  a  simple  solenoii 
and  mounted  on  a  resonaneebox ;  and  it  was  on  the 
lecular  sounds  of  the  magnetisations  and  demagnetisation 
set  up  by  the  fluctuating  currents  in  the  coils  thxi  he  de 
(wnded  fur  the  reiiroduction  of  the  distant  sotlt^ds.  U 
fonunalely  Reis'  discoveries  were  not  brought  proniinentl 
before  the  sctentilie  woiid  at  the  time,  with  tJw  result  l* 
fiHecn  yr.irs  later  (in  i8;l>)  Graham  licit  .ind  Khsha 
each  working  indcjiendenlly  and  wilhuul  knuw 
Rns*  work,  |iToduecd  the  practical  sohiliont  of  ll 
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which  form  the  surting-pouil  of  modem  telqibony.  By  a 
strangL-  coincidence  both  dicsc  inventors  applied  to  ihe 
United  Stales  I'alcnt  Ofi>ce  for  ihdr  patents  on  the  same 
cttriomly  sixniAoint  day— vu.,  St-  V.-itcntinc's  Pay,  I'elmuiry 
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i4tli,  1376.    11iis  bring)  ua  to  tlieerji  of  modem  ldq>liony, 
of  whkh  we  sliall  dow  give  a  brief  account. 

Modern  Telephony.— In  this  subject  *c  propose  to 

folion'   iIk'  same   plan   titbit  vias,  employed   in   Irejiiing  of 


Fit-  )»».— Sfnwi  el  ihc  Bell  1 '.IttbuH. 

modem  telegraphy,  and  to  describe  scpaiatcly  tlw  linns- 
inilierv,  the  rc<:civers,  and  the  cirtuils  and  accMSoncs. 
Wc  ahall,  Itowever,  alter  the  onlcr  somewhat,  and  dew^nbc 
ilic  receivers  before  tlic  Uansmittt-'rs,  for  the  curious  reason 
1  tJn*  •      /  telephones  and  mo»t  modem  receivers  can 

imnvmillcrs,   ilioiigb  inansmillcrs  of  a 
inuot  act  as  receivers,  arc  preferable. 
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Telephonic  Receivers.— 7"4<  fit//  Tritphont.--\ 
out  lingeritiK  ovei  the  ilcuils  uf  the  succesiive  \\i\-A  liji 
which  Mr.  (i raluiu  Bell  evolved  ihc  tele]>)tone,  iitrMt  interc*l< 
ing  though  those  &Ccps  .iic,  nc  shall  at  ontce  de^ribc  the 
very  complete  instniinent  p-itentecl  in  1876. 

'I'hc  outside  Apiiearance  of  this  iiislrunicni  is  dL-j>icic( 
in  Kig.  J04,  -and  a  crots-Mclion  011  a  xlightl)'  turgor  >ca)c>  11 
shijuin  in  Fig.  305.  M  tlic  hack  of  a  ii)OuiU|iiece  e  whkh 
collects  and  conccnlratcs  the  sound-waves  there  is  placed  a 
thin  di»c  %■(  lii  feirotype-iiun,  »ut  h  as  is  sometimes  used  t>^ 
photo(;iai>heTs ;  th«  dise  ii  damped  rmnly  round  the  rim, 
but  its  central  portions  aie  free  lo  viliinte,  1  mniedtJLlely 
behind  the  disc  is  one  pole  of  a  straight  steel  bar-tnagnct  m, 
which  TUDt  down  the  centre  of  the  handle  and  can  be 
moved  Dewr  to  or  farther  iVoin  the  dtM:  t>y  ibc  mitcw  at 
the  far  end.  Surrounding  the  forward  pole  of  the  bar' 
magnet,  in  a  ch^imber  hollowed  out  bchiiKl  the  disc,  is  a 
coil  bh  of  fine  iiuiil.-itc*)  wire,  the  ends  of  which  are  con- 
nected by  means  of  the  wires  dd  pass<ng  through  itic  handle 
to  the  binding  screws  V  V,  whidi  are  lite  electrical  leimirtala 
of  the  instrument. 

It  will  be  observed  tlint  diis  wonderful  instrument  k 
cxtreincly  simple,  and  consi^s  of  very  lew  parts.  How, 
then,  can  it  produce  such  ostonishing  results?  A  carcfu 
consideration  only  nuI:eK  us  the  more  astonished  as  we 
realiw:  how  wondeifully  Nulitle  Famday's  law  of  ina^eto- 
electric  induction  is  in  its  far-reacbing  consequences.  One 
way  of  stating  this  law  is  to  say  that  whenever  magnetic 
lines  of  force  cut  conductors,  electric  ])ressures  or  E.M.F.': 
arc  set  u|i  in  these  co:iductins.  S\'\Ay  \\\\s  to  the 
Ijcfotc  us.  The  soft  iron  dbc  >v,  by  it^  pnrience  opposJH 
ihe  pole  of  the  m.ignct  m,  modifies  the  magnetic  field  [t 
the  neighbourhoud  of  that  [lolc,  the  lines  being  drawn  intc 
the  iron  in  the  manner  already  fully  deicribed  in  prccedini 
chapters.     Now  when  this  disc  is  sm  in  vitxation  b: 
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sotind-wavcs  impinging  on  it,  its  various  portions  swing 
Luckwards  and  rofwirdt  in  tli«  Tield  of  tlic  ma(;net.  To 
every  ijosiiion  of  ihe  disc  tlwre  eorn.-sponds  a  definite  dis- 
tiil>uii<m  at  the  field,  and  thus,  as  the  di<c  \s  (oitlintMlly 
changing  its  position  by  vlbrMion,  no  will  tin;  niai^nelic  lines 
of  the  field  be  thrown  into  a  irtale  of  irenior  in  which  tlicy 
will  )ic  continually  ciitiirt};  the  conducting  wires  of  ihc  coil 
^^and  setting  up  E.M.F.'s  therein  projmrtional  in  magniiiide 
and  ditcction  to  the  rate  of  culling.  If,  iheicfore,  ^b  form 
l»il  of  «  closed  circuit  there  will  lie  set  up  in  this  circuit 


Liat  HWr* 


f'vt'  J^— Dt^^cnin  of  Bill  Tmivmilur  Ufd  ftfcinver- 

vibrating  or,  as  w  \m&a  to  call  them,  alternate  currcnls, 
which  follow  the  K.M.F.'s  through  all  ttieir changes. 

To  undcrsl.itid   how  these   currents  again   gi\e   ri%c  lo 
sound-nave^   consider   a   siinibr   instrument    fixed   in   the 
circuit  of  iS**,  as  shown  at  *"  in  Fig.  ^oK     The  alternate, 
currents  parsing   round   the  coil  fi  alternately  slrcnglhen'' 
and  weaken  t)te  magnetism  of  the  ix>lc  N'  of  the  magnet ' 
N'S',  and  thus  affect  the  distribution  of  the  field  in  its 
neighbourhood.     In   this   field   is  another  soU   iron  disc 
simiUily  placed  to  that  in  the  transmilter,  and  the  varying 
attractions  on  thit  ditc,  due  to  the  varying  field,  set  it  in 
vibration  in  such  a  manner  that  the  air  in  the  mouthpiece 
I  tf*  becomes   agitated   with  souihI*  waves    similar  to  those 
'  originally  directed  into  the  distant  ntouthpicce  t- 
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But  lUouifh  we  can  ihn.s  follow  in  detail  the  variot» 
iraiis[orni.ii ions— acoustical,  mecluiitcal,  magnetic,  am!  rice- 
triciil— which  take  |>1bcc,  a  thoughtful  niiiKl  cannot  but  be 
lost  in  [iiofound  wonder  at  the  faithfulnns  with  whidi  each 

eSva  follows  the  cause  l>ro- 
dii<:in>;  it  through  all  ihv 
delicate  roinplcxitici  of  its 
tiiiihitudinous  changes ;  and, 
a.i  before  rcmarfccd,  the  a»- 
loniitiin^  aspect  is,  twt  thai 
the  souivds  heard  at  thu  dis- 
tant end  should  not  tic  exactly 
the  same  as  those  thitmn 
into  the  tnnsmitlvT,  but  lluti 
any  rccogni^hdile  aniculation 
at  all  should  survive  through 
so  varitd  a  course  of  tiaii&foi- 
mations  and  Iransniissioas. 

Such  was  the  Ma};neio 
Telephone  as  given  to  the 
world  by  Graliam  Bell  in  1876. 
As  already  remarked,  the  tn- 
StTumcnt  had  to  play  cIk: 
part  Iwth  of  a  transmitter 
and  a  receiver.  In  the  fonner 
function  it  has  been  super- 
seded bv  a  claw  of  iiistni- 
nient»  dc|>ct)ding  ujion  a  diffcr- 
ntw.-Ti«Uww.-rrt.iwiiric-  «'  principle  of  action  ;  but 
f*™^  ffs  a  receiver  the   Bell   Tele- 

phone, in  some  of  its  numerous  modification!;,  is  still  the 
most  reliable  and  best  instrument. 

'I'hcsv  niodifications,  whether  made  by  the  original 
inventor  himself  or  by  Others,  aic  Dot  very  fiindamcDtaL 
The  most  suilitng  cunstUs  in  bringing  two  nuigneiic  poles 
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of  opposite  kinds  tirar  the  disc,  so  that  the  lallcr  (ilays  a 
more  ImporUfit  part  in  the  magnetic  circuit,  and  iii<:Tcforv 
the  varUcionK  of  its  position  )>cconM;  more  dlcctivc.  Otic 
i)f  the  latest  forms  o(  such  a  (louble-|K>lv  tdcphont-  is  shon-n 
ill  Fig.  ^07,  which  rcprcscHli  tlie  jiatleni  in3nuractiirc<)  by 
the  WcKlcm  Klc<:tric  Coin|any.  Instead  of  (he  stnttght 
bar>magnct  of  Fig.  305,  ve  hnve  »  steel  borsc-shoe  magnet 
N  S,  having  soft  iron  polar  extensions  n  s  riampod  on  to  it, 
with  their  ends  coming  very  near  the  ferrotype  disc.  The 
I'oiW  C  C  arc  shpitcd  over  these  polar  extensions,  their  erwls 
being  brxHighi  to  the  tcmiinalx  T,  as  in  the  original  Bill 
telephone.  Tlie  outer  taw  h  of  clwnite,  the  iuouth'pic<:c 
being  screwed  on  as  sltown.  A  (ucktng  ring  of  btutting- 
I>n)H:i  is  often  inler]M»cd  between  llic  ebonite  ami  the  dis<;, 
ciiAbtinit  the  laltet  to  be  more  fiTnily  anil  softly  clantpe<l. 

As  Illustrating  the  tno<liltcations  in  form  which  the 
inietrunient  may  take,  Fig.  30S  represents  the  "Ader" 
|i:ittern.  In  this  (he  magnet  M  ii  circular,  and  forms 
ihe  handle  by  which  tlie  telcphotic  is  held.  This  magnet 
has  also  soft  iron  polar  extensions,  on  which  ibc  coils  j/  arc 
placed.  Another  feature  is  the  pcvsciKc  of  a  comparatively 
massive  tint;  aa  of  soft  iron  Tued  to  ibe  luck  of  the  motiib- 
picce,  and  close  to  the  iron  disc  on  its  outer  ude.  The 
presence  of  this  ring  improves  tltc  magnetic  circuit,  and 
causes  pwre  lines  to  flow  aenus  the  disc,  which  thus 
vibrates  in  a  more  concentrated  ftcUL 

Many  other  variations  of  the  Bell  telephone  have  been 
invented,  some  of  them  merely  nith  the  object  of  evading 
the  patents ;  but  (be  above  example^  will  be  sufficient  to 
explain  the  fundamental  principles  ujwn  which  the  aetion  of 
all  of  them  de|>ctida. 

Telephonic  Transmllleni.— Turning  now  to  trans- 
mitteis,  uHiudcr  caietutly  tht  jireceding  explanation  of  the 
action  of  the  Bell  telephone  when  uied  as  a  transmitter, 
^  it  will  appear  that  the  tnie  fuiKtion  and  object  of  such 


6i8 


The  Elbctkk  CvK»XifT. 


nn  instniment  is  to  impress  upon  the  cnrreni  in  the  Ir3t»-j 
(■tilling  tine  wire  tluciuaitons  accitratclf  Lonesponding  tn^ 
jitasc  and  period  with  ihc  movcmcois  of  itio  ^ir  |artklcs 
which  conidilutc  ihc  sound  Hares.     Tlic   ik'll   telephone 
accompliithes  itiis  ob^t    liy   generating    in   the    electric 
rircuit  R.M.I''.'s  uf  ihc  re^iurred  [ibnae  anA  |>cmi<l.  whit 
give  rise  to  concsponding  cutient^,  9on>e«>')uil  alieru-d,  ho« 


ri(.  fA.--nt  "Kim-  nmiHr. 


ever,  t^  tlic  KBttM  of  sel/induction  and  cajiadty, as  alrcody 
vapfauned  in  tfi«  section  on  alicrnaio  currentit. 

But  there  is  obrioMsljr  anotltcr  way  of  causing  the  re- 
quired variations  of  mirrent,  and  that  is  to  pat  a  source  ol 
stCMly  li.M.F,  in  ihi:  ciicuit  and  then  to  xxty  the  Ctrcuit 
noutauce  H)  OS  to  produce  tiK  dcUred  L-lIecL  It  is 
cleaily    '  [hat  llic  \~.inj|ji>it$  oi   resisi.'ini:c  mHou 

be  proUL  .illy  ot  indirwlly   by    the   artioa    of 

sound  wares.     The  method  was  used  by  Kditon  in  1877  in 
a  rarivn  IrtMunUhr,  in  vhtch  A  plaic  or  due,  thrtnm  intD 


TV*  huCHKi   MlCKOtllOSB. 


619 


vibration  bjr  (he  sound  wnv»,  was  caused  to  press  aK^iii&l  a 
C4rbun  button  placed  behind  it  And  included  in  the  ciiciiit. 
'I'he  whole  subject  was,  however,  carefully  investigated 
in  the  following  year  by  Professor  l>.  I'-  ilu^Itcs  in  w  series 
of  niastcily  researches,  which  led  to  the  invention  of  ilic 
mifrvphom.  During  these  rescaichcs,  Hughes  showed 
that  the  effect  in  iMliwon's  eorbon  transniiltci  was  due  not 
to  an  alteration  tn  the  resisLaiice  of  the  carbon,  as  the 
inventor  had  su|>posed,  but  to  the  variation  in  the  re- 
sistance of  the  Uint  WHloit  between  the  larbun  and  the 
vibrating  J>l«te,   this  conuct   being  part  of   the   electric 


t:ircnit.  Still  fiinher,  Hughes  showed  that  the  retislance 
of  any  loose  contact  which  is  part  of  an  electric  circuit  Is 
peculiarly  sensitive  to  disturbances  caused  by  sound  waves, 
and  tliat  it  very  faithfully  follows  these  diMurlantJes  through 
all  their  (-0111  plexi ties.     Such  arrangements  of  loose  contacts 

he  called  Microplioaes. 

For  inslaiicc.  the  very  simple  aTrangcmenIs  shown  in 
I'igs.  309  and  jio  are  capable  of  prodii<:iiig  inicrojihDnic 
effects.  In  l-'ig.  joq,  xy  is  a  glass  tube  about  3  inches 
long,  looeiely  filled  with  bron/e  powdvr,  which  is  kept  in  by 
two  plugs  of  retort  carbon,  coniKctcd  by  wires  to  a  Bell 
tclqihonc  T  and  a  battery  U.  'i'he  iul>e  is  placed  on  a 
resonancebox   to  increase  the  disturbance.     In  i-'ig.  310, 
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three  French  nnils  are  plucnl,  one  Ijiii};  m»oss  the  oth( 

tiro  as  shown,  \\k  latter  .v_r  being  i-otiiic<:tcd  to  tlic  Iclc^ 

phone  and    the   bitiery.      MIkti  tlw  conUvts  in   cilt 

armngeincnl  arc  disturbed  by  suiind-n-ave«,  ttietr  Ic' 

alter,  iinil  the  lUiTctii  in  tlic  cirruil  U  rarict), citi^in^; 

10  be  heanj   in   the  iele)>hone  in  the  nunticr  iircviouil) 

expUincd 

Greater  scositi%Ynes$  and  more  sntitfnctory  results 
however,  obtained  by  uting  the  oubon  mictY^honc  shon 


in  Fig.  311.  Here  a  rod  A  of  hard  carbon,  with  pointcc 
ends,  is  loosely  held  between  two  caibo«i  block*  C  C>  whici; 
arc  slightly  hgllowcd  out  lo  receive  it.  The  caibon  blocb 
arc  ronnettcd  by  lite  wiro  .t  and  _>-  lo  a  telephone  rccruivci 
and  baiieiy,  as  l>erore.  'Hie  nittTO|)hone  nhoiikl  be  sioot 
on  cotton-wool  or  tndiarubbet,  and  i^i  very  seiuilivc  lo 
sound-cSccls.  Tor  instaDcc,  tbc  tiaiup  of  a  fly  walkbi)i 
>■■<!  base  V*  can  be  dittinclly  heard  in  the  dtsiani 


'1  he  aitaDgviQco" 


■cd  art  chiefly  of  tcicniifii 
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ami  t^x(>eritncntiil  ini<:rt,-M,  an  showing  what  crude  a|>- 
paratiiH  tan  (uoUiicc  astonishing  effccls.  Fwr  ihc  dc*r  and 
disUncI  tRinsroissioD  of  anioilole  aoumla  additional  |>rc- 
caiitions  and  more  <;ar«rul  altcniion  to  details  is  necmwuy. 
Hut  ihv  riindanicnlal  lomlilions  Afc  so  simple  Ihai  an 
altnosi  infinite  variety  of  detail  i%  ixm^ililc.  and  therefore  it 
is  not  surprising  that  numerous  inventors  have  tnorc  oi  less 
successfully  occupied  the  lield.  Only  a  tev  of  ihe  most 
inletcsting  an<l  widely  used 
instruments  <^in  he  deicrihed 
lierc. 

The  Edison  carbon  tnms- 
mittcr(l-'ig.  3ia)isof  hisloricAl 
interest,  beeausc  of  its  in- 
vention before  Hughes'  mi- 
crophonic irivesligaiions.  A 
membrane  D,  stretched  behind 
a  mouthpiece,  presses  against 
an  ahiRiiniuni  or  ivory  knob  A, 
aitai-hed  to  a  gla«i  plate  G; 
the  latter  is  glued  to  a 
pbtinum  pLite  I*,  behind 
which  is  the  carbon  disc  Ci 
resliiig  against  a  solid  metal 
backing.  The  plate  1*  and  the 
metal  backing  form  the  elec- 
trodes of  the  instrument,  Mtil 

tlie  current  (lasscs  from  one  to  the  other  through  the 
carbon  disc  C.  The  contact  rcxisUnec  between  V  and 
C  is  varied  by  the  varying  jncMute*  caused  by  the  vibra- 
tions of  l>,  Iran-'smiited  to  1'  through  A  and  (>,  and  thus  Ihe 
battery-current  flowing  a  caused  to  vary,  as  the  result  shows, 
with  almost  pcifea  syiKhronism. 

Of  the  numerous  microphonic  transmitters  wliich  M- 
lowed  Hughes'  di^toovcries,  and  wliicb  employed  the  carbon 
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pencil  of  V\^  3 1 1 ,  we  iiiusi  t)c  oonient  to  clescrihe  unc  wili . 
The  lower  \>XT\  oX  I-  ig.  j  r  i  rcprncnis  lti«  outside  ap|>carance 
of  tti«  Cronky  trai»inittc-r,  and  the  ti)>pcr  part,  oti  ii  larger 
scale,  the  Ixvck  of  llie  tiIo|iing  <lcsk.  The  rcnKal  pa«  of 
thUdeak  Kinysii  of  j  iliiii  pine  board  D,  on  the  Imrk  ol 


n^  P5'-^Cra*>iBT^  C'Afboi  Pancjj  Tmn^iilEn- 


which  (he  tnicrophonic  pcnrils  uic  nmuniod.  There  arc 
four  of  thi-se,  vriih  ihclr  ends  resting  on  four  «rbon  hIock!^ 
and  arranged  electTi<\i]l^,  two  In  parallel  and  two  in  series. 
The  carrcnt  is  passed  lliFCHigti  l>etn-ecn  metallic  danip« 
attiched  to  the  right  and  left-hand  lilocks,  and  when  ihe 
board  i«  spoken  to,  lis  vihrations  shake  the  loosely* n)ou Died 
carbon  pcndls,  Oiut  altering  the  rnttlancc  of  tlw!  circuit 
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and  the  magnitude  of  \\\c  current,  A  tection  ft  also  given 
xhowing  how  ihc  board  I)  n  nnxniteil  I>ehmd  llic  <»)iening 
in  the  desk,  imJuruliber  lieing  iiilorixi&cd  l>clwccn  ttic  two. 

A  very  wtdely-uuM]  foin>,  nH>rc  nearly  rcscmljlinj;  (he 
original  Edison  inslrumcnt, 

A 


ia.  the  VXuVk  IranKmiltcT 
(Fig.  514).  An  ir<«i  disr 
M  M.  wilh  its  iieriphcry 
covered  willi  imUnmbbcr 
is  damped  l)ehiitd  a  nioutti- 
piecc  B  hollowed  out  in 
the  solid  wooden  froni. 
Thu  front  also  rarrics  n 
inctalltc  rini;  A,  witli  ami' 
projecting  al  the  \o\>  and 
bottom.  'rhc  top  arm 
carries  a  stiff  brass  spring  V, 
to  which  is  attached  the 
metal  piece  W,  having  the 
«ha|>e  shown,  and  with  its 
bottom  sbouMer  rc^-ling 
against  the  end  of  the  ad- 
justing-screw S.  To  this 
mc-tal  piece  are  ailuclied 
two  springs  F  and  /;  the 
foTmcr.  electrically  con- 
nected to  \V,  uirries  a  brass 
button  m,  in  n  recess  in 
the  front  of  which  is 
placed  a  button  of  cont- 

prcsswl  carbon  shown  black  in  the  figure.  'ITie  other 
and  lighter  spring  /  is  ins;ilntcd  from  W,  nnd  carries 
a  pbtintim  contact  /,  inicr]>osed  between  the  carbon 
button  and  the  iron  pUic  M.  The  current  is  passed 
ihrot^h  the  contact  U-twcco  the  ptetinuin  and  the  carbon, 
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and  is  vaikd  by  the  vilmtious  of  M.     It  nUo 
tliToti^li  (he  }>riinary  of  the  inditction  coti  J,  wlunc  (unctii 
will  \)c  e%|>l.-kint;(I  Uler  on. 

One  nr  the  amplest  transmit  tern,  and  oae  whir.h,  in  it« 
raiious  modifications,  h  now  widely  used,  (^specially  (nr 
k>ng-di«t.inci- workint;,  is  the  HimningK  transmiiler  (Ii^  .1*5). 
ii»-cnic.-d  Uy  an  ICnj^liKh  ckr^yman  in  1H7B.  A  ututt  holkn 
cliamlwr,  .iIkhii  2\  iachtu  in  diameter,  in  a  block  a( 
bos  a  plate  B  of  uirbon  or  platinum  fixed  at  the  l>3ck,  simI 
cicciiieally  connected  to  the  binding-screw  C  The  rest 
the  dianiber,  whi<:h  is  ihc-n  only  from  i',^  to  )  in<:h  dccivl 
la  l(KKtcly  Ailed  with  gmiiuluicd 
carlwn  free  from  duU,  on  the  lop 
of  which  is  placed  a  diapbrasm  D 
of  )>lalinuin  foil  The  iJiaphra^ 
is  held  in  its  place  by  ilie 
ring  A  A.  connected  to  the  tcrmituJ 
C.  and  damped  down  by  the  bloci 
of  wood,  out  of  vrltich  t)ic  moutt 
piece  is  hollowed.  Opt>asite  the 
bottom  of  the  mouih-picice  the  dia- 
]>hragiii  IK  (iTotccled  from  injury  bj 
a  [>iecc  of  wire  g^\iie.  The  ctirrcnC 
is  ])aB<>c(t  from  D  to  B  tlirouitb  thel 
granulated  carbon,  and  the  micropbonk  eflccts  arc  exccUcoi, 
prohflbly  because  of  the  numt:rofis  i^onlAcI  points,  both  at 
the  ctctrtrodes  and  within  the  mass  of  (lie  carbon. 

'Die  Iransmincrs  above  described  include  most,  if  not  all, 
of  the  leading  types  which,  in  some  form  or  anotltcr,  arc 
now  in  actual  we-    The  variations  in  deLniU  arc  alnust  end- 
less a"d  many  of  these  variations  are  exceedingly  itn 
f(rr  tlie  whole  cfTcct  prodw:cd  being  due  to  the  o|h  i  .  : 

a  mulliiudc  of  VGr>'  minoic  caiisus,  it  is  obvious  that  small 

changes  in  ihf  arrangement  or  pr- '  :he  jiarts  mayj 

have  a  coiuidcrablc  influence  c<r.  :-ut  these 
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ileUils  wiiicli  arc  cliicll)-  u(  (cchiiical  iiitcFcst,  and  (he  fore- 
going  will  probably  enable  ihc  reader  (o  readily  fotliiw  any 
i>r  them  "hi«:h  nuy  come  under  hb  notice. 

The  Induction  Coil  or  Transformer.  -An  csM:ntial 
feature  ut  iiik:io|>liuiiic  trjiimtiK^iun  u  an  induction  coil,  in 
the  primary  of  thick  wire  drcuil  ot  which  the  batter)*  ni>d 
microphonic  contncts  are  placed,  whilst  the  tinn»initting  line 
it  aliachix!  to  the  cnd«  or  the  sei;(in(lar>'  cirnill. 

llie  ]>iiiitip1cs  and  the  coDsiruction  of  induaion  iroiU 
arc  fully  exfkhined  in  the  ivext  1  l)a))tL>i  in  connection  with 
the  ah crnatc  current  traiuforiiicr.  Vvt  our  present  purpow 
wc  may  explain  that  the  ir.-in^forincr  (sonteliincs  '',ilkd  n 
Imnflatur)  iisi-d  in  telvphunic  work  consiMs  uf  a  )>tinillt-  of 
hne  iron  wirot  surrounded  by  two  solenoids,  one  consi^titig 
of  a  few  turns  of  conipjiraiiwiy  tiiick  wire,  and  referred  to 
as  the  primary  circuit,  and  the  other  of  many  lurnrt  of  line 
wire  known  as  the  umiidary  eircuiL  If  a  current  in  the 
primary  h  caused  to  fluctuate  in  any  way,  then,  as  fully 
explained  later  on,<  K.M.  h.'s  are  generated  in  the  secondary, 
having  periods  and  phases  corrcs|>ondiag  to  those  of  the 
Suctuations. 

Now  in  a  microphone  the  tluctu.itions  of  the  current  arc 
cxuscd  by  the  fluttujiiions  of  the  resistance  of  the  carbon 
conlaclM.  The  actual  resistances  affected  are  not  very  fcicat 
a>  measured  in  ohms,  and,  therefore,  for  their  mere  Ihiclus- 
lion  to  produce  a  great  vaiialion  of  current,  it  b  obvious 
thAt  the  whole  resistance  of  the  circuit  must  be  small.  For 
instance,  if  the  large^^t  change  produced  in  the  transiniilcr 
be  as  great  as  one  olim,  and  ihc  whole  circuit  have  a  resist- 
ance of  1,000  ohms,  the  change  in  the  current  will  on!y  be 
yVfle  part  of  its  actual  magnitude;  whereas  if  the  circuit 
resistance  be  as  low  as  to  or  10  ohiivs  the  change  uU)  t>e 
iV  or  i'o  of  the  whole  current,  and,  ihercfotc,  relatively  of 
mtKh  greater  im|)ori.iiKe. 

>  foifC  (>So,  H  ttj. 
ou 
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Itut  with  such  a  low  rraistance  in  the  circuit  i[  would  be 
irn{>'>.ssiblc  for  the  irjnsmilling  hnc  to  be  very  lor^  «: 
mil  rophonic  irAiismillcn  tould  only  \x  u«;d  Cor  shon 
tancet.  1'he  induction  coil  Kunnotintit  ihit  dillkulty.  The 
battery  circuit  passes  only  lhrou>;h  the  microiihonc  aod  the 
primary  of  ihi:  inductioD  coit,  and  ihcrcforc  may  be  mad« 
to  liavc  aK  low  a  resistance  as  nuy  be  de^iTccL  Thus  ilte 
lluctualtons  of  ilic  current  in  this  circuit  may  be  made  very 
br^e  in  comparison  with  tiK  total  current.  It  is  llie  rait 
and  magnitHiU  of  these  Huctuations  which  dctcniiinc  the 
K,M.K'5  induced  in  each  turn  of  wire  in  the  secondary 
circuit,  and  as  wc  may  hare  a  vcr}-  large  number  of  turiK, 
all  electrically  in  series,  we  nwiy  raise  the  totol  li.M.I-'.  for 
any  jiarticubr  Ductuniiun  in  tlie  primary  to  any  value  wc 
please.  Thus  the  secondary  being  connected  through 
the  liiK  to  the  distant  rcccivci,  these  ILM. [■'.'>  j^tvc  rise  to 
the  desire*!  cummw  in  the  ooits  of  the  latter.  By  careful 
attention  to  the  ust-nti^il  details  it  is  in  this  way  possible  to 
talk  over  a  distance  of  more  than  1,000  miles. 

TeI-KPHOSK   SKfS. 

Having  now  described  llie  chief  characteristics  of  the 
distinctive  instruments,  it  is  next  necessary  to  show  how 
these  are  combined  and  connected  so  that  they  may  be 
available  for  ordinary  intercommunications.  Every  user 
of  tlic  telei>lione  obviouxly  requires  as  a  minimum  eqiiipj 
ment  a  transmitter  and  a  receiver,  together  with  sonic 
method  of  calling  the  attention  of,  or  "ringingup,"  his 
distant  friend  when  he  desires  to  speak  10  him.  More- 
over, these  instiumenu  must  be  [icnnanently  connected 
with  the  dilTeienl  circuits,  properly  joined,  and  provii 
witl)  the  necessary  batteries,  switches,  etc.,  arranged  oa 
simple  and  easily  worked  |>Ian. 

'IlirTe  arc,  of  coxirsc,  many  ways  of  aocomplishing  the 
obje>:ls ;  but  for  our  purpose  th'  of  one  well 


on  its  under  side,  bciog  shown  in  Fig.  ^17  in  the  position  in 
which  it  vould  be  seen  if  lalscd  from  the  base  board  and 
stighily  tilled  so  as  to  i:x{)Osc  the  micTophonc.  Loslly,  the 
elcetiieal  cunneclioits  arc  »liown  in  Vig.  y8.  The  lettera 
I  in  l-'igs.  316  und  318  conespond. 

'I*he  external  connections  arc  made  by  mcitis  of  thv 
I  screw!!  in  from,  which  arc  outside  the  cover  when  tfie  latter 
in  place.     For  smptc  working  on  short  lines  an  ordinary 
00  3 
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trcnibling  bell  is  altacliiMl  to  screws  i  and  3.  llie  Ime  wins 
lo  4  and  5,  .tnd  a  split -balicf)-  ij.t.  a  tutlcr>'  divided  inio 
iwo  seclions)  lo  5,  6,  and  7,  whilst  a  and  8  aic  \ci\  un- 
coiineaed. 

Tlie  poiition  indiciied  is  thai  for  receiving  u  "aill." 
TTlC  recciv'cis  R  R  arc  hanging  on  the  hoolcs  of  ihc  switclws, 
pulling  down  the  outside  vnds  of  Ihc  levers,  and  bringing 


ibe  other  ends  into  contact  with  the  springs  Cj  and  •-,  tc- 
spectit-cty.  The  current  from  the  "ringci-up,"  entering 
from  the  lini>vrir<:  .-il  4,  juikscn  through  ihc  yynngfiax  the 
Inck  to  the  middle  of  llw  \e\Kt  \^  thenci;  llironi^h  the 
tontaet  sffint;  r,  and  the  wire  s  to  terminal  1,  froin  whirh 
il  pa^^cs  through  and  rin^«  the  l>cll ;  il  ihon  icaLhc^  3, 
whence  il  luissci  ihroi^t  the  contact  spnng  tj  and  the 
middle  of  lever  L)  to  lenninal  5,  and  so  back  lo  the  distant 
linger. 

'riius  the  bell  is  rung,  and  Ihc  jygllHMri^  ciIIih),  tlic 


aiugM« 
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rccciven  K  K  are  liDLil  off  ihe  hooks  and  the  leven  1^  1^, 
Ixinn  relieved  of  ilieir  wci^lil,  arc  drawn  over  tty  sjiting^  so 
as  lo  break  conlnol  with  /,  and  <*,  itml  m.<kc  contact  with 
f|  nnd  i':t  in&tcjid.  11iia  cUanf;e  directs  the  rcrcivcd  cuircni 
Utruiigh  a  inully  dilTercni  cotirsc.  Aniving.  a  birurv,  ot  4, 
and  going  ihnmgh  /  10  iho  niiildlc  nf  I.j.  il  now  |Kivid  (o 
the  loiiiaLt  «i>iiug  i-^  ilii.i><:e  ttiroiigh  die  secondary  or  fine 


wire  of  ihc  induction  coil  to  ihc  receiving  telephones  K  K, 
which  are  electiicaliy  in  parallel ;  il  tJien  pnxvcs  tlmjujih  ihe 
middle  ot  lever  !■,  iMck  to  the  line  tlirough  teiminal  5. 
Thus  the  fiticluaiing  currents  on  ihe  line  pass  through  the 
receiverH,  held  one  to  each  car,  and  the  message  should 
therefore  be  distinclly  heard. 

In  talking  back,  the  uxcr  talki  dearly  and  distinctly  and 
in  an  ordirury  con  vernal  ional  tone,  without  shouting,  to- 
wards  tlie  deal  board,  on  Ihe  back  of  which  t)ic  microphone 
M  b  placed    This  microphone  ts  in  the  circuit  of  one  of 
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the  sections  of  ihc  bntlcry,  which,  starling  from  5,  |ias«es 
through  the  miildtc  of  lev'<:r  I^  to  the  coninci  s)King  i^ 
aDtl  the  block  {>^  ;  fron)  here  it  pisses  through  the  niM7n- 
phonc  M,  the-  block  4.,  ami  the  primary  or  thick  wire  o(  ihc 
indiiclion  coil  back  to  the  Iwtler)-  by  way  o(  Ic-ruiiiuil  0. 
'ITie  ogitntion  of  the  niicroi>h()ne  foniact*  cnuteH  the  ninenl 
in  this  circuit  to  v.irjr,  and  its  nuduatioiis  alTect  the  secombry 
circuit  of  the  induciioD  coil,  scitiiii:;  up  E.M.K.'s  thcfcin. 
hi  this  secondary  is  pan  of  the  circuit  nl>ove  (Icscribed 
for  the  received  currentt,  tbuie  K.M.F.'s  transmit  through 
tliai  circuit  *nd  the  line  telephonic  currents  whir^h  arc 
received  at  the  di&tanl  stalion. 

One  other  rirruil  has  still  to  be  traced,  vir.,  that  for 
ringintfup  the  iJnunt  corretpondcni.  'Htc  receivers  K  R 
being  placed  Imck  on  the  hooks,  if  the  Inillon  I'  be  prcswd 
the  spring  p  changes  its  contacts  to  A  and  closes  the  follow- 
ing circuit-  Starting  from  terminal  5,  the  current  from  ibc 
battery  goes  to  line  and  ring>  the  t>ell  at  llie  distant  end, 
returning  by  way  of  4  through  /  and  A  to  the  lennina)  7 
and  the  battery.  It  will  be  noticed  that  whilst  the  full 
battery  is  used  for  ringing-up,  only  part  of  it  is  used  for 
the  niicro]ihone  circuit.  This  i.s  Wcauk-  the  former  opera- 
tion has  to  be  accomplished  through  a  circtiit  of  much 
greater  resistance  than  exists  in  the  circuit  of  the  latter. 

U'iih  the  same  internal  connections  the  .ipparatus^  can 
he  u»ed  for  cxclunge  work  or  at  an  intermediate  office; 
and,  if  necesxar)-,  a  relay  can  be  inserted  for  ringing-U|>  U* 
the  line  circuit  Js  long  or  of  loo  high  retiisiance. 

TRI-BPHONE    ExCIIAKtJES. 

The  possession  of  the  necessary  trarumittent  artd  r& 
ccivcrs.  properly  connected  up  with  switches  an^ 
though  intli^jKn sable,  it  by  no  means  the   or 
item  necessary  fur  comjileie  leIe]>bonic  intc 
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Without  the  necessary  condiM^ting  circuits  rommunicalion 
would  be  impossible,  and  a  little  rc<]cciioD  will  «how  tliat, 
howctTr  wealthy  a  man  nay  be,  it  is  |ir;iclieally  impossible 
for  him  to  nin  all  the  circuits  (hat  he  would  retiuire  r'>r  Iiih 
daily  use  even  within  tltc  indiui  of  a  single  town,  not  to 
mcDlion  the  extension  of  his  communications  to  towns  in 
distant  parts  of  the  country.  It  'a,  of  course,  ]>o»ililc  for 
a  man  or  a  fiim  to  own  two  ot  three  private  lines  con- 
neriing  s))C€tiil  {>oinl5,  or  to  set  U|>  a  S)-s1em  of  circuits 
within  thv  liotinds  of  u  large  fuctory  or  mercantile  estab- 
lishment ;  but  the  practical  limit  of  extension  in  lUfsc 
directions  is  soon  reached. 

The  provision  of  the  necc&saty  conducting  circuits 
therefore  naturally  becomes  the  ftmction  either  of  the 
Government  of  the  counlry  or  of  public  companies  formed 
for  the  express  purpose,  these  recouping  ihcntsctvcs,  or 
earning  a  dividend  on  their  capiint  expenditure,  by  charging 
a  toll  or  rent  to  the  (icrions  who  use  tlie  circuits. 

But  in  pronding  the  circuits  another  consideration  lery 
soon  liccomes  piominenL  Every  subscriber  or  renter 
paying  for  the  piivile^cc  of  using  a  certain  system  of  circuits 
may  not  imreamnably  desire  that  it  should  be  itossibic  for 
him  to  commimi<:ate  with  each  and  every  other  subscriber 
on  that  s)-Hcm.  But  to  run  a  sepamte  circuit  for  every  /<)(> 
of  sul>scTi Iters,  even  though  their  actual  numbers  were  smnll, 
would  k.id  to  an  expenditure  that  would  soon  make  the 
rent  prohibitive,  and  which,  moreover,  would  increase  far 
more  ra)Mdly  th.in  the  num1>eT  of  subscribers.  Thus,  for  25 
sabscribent  joo  cinniiis  would  be  required,  for  50  there 
would  h.tvc  10  be  1,115  circuits,  whilst  for  the  comparatively 
small  number  of  too  no  fewer  than  4>95o  »e|iarate  circuits 
would  have  to  be  provided. 

This  difltculty  has  been  met  in  a  way  which,  in  |)nn- 

•ole,  is  remarkably  simple.     Each  subscriber  to  the  system 

iiidcd  with  a  single  circuit,  and  the  ends  of  all  these 
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circuits  arc  Inotighi  to  vame  t-cnlnl  |iniiii.  Here  the  i  triiiii 
of  any  one  subscriber  cnii  lie  IimiiioraTiiy  joined  to  the 
circuit  of  any  other,  as  an<l  n  hen  required,  foiming  then  one 
complete  i.ircuit  between  the  two  fiiibscribcrs,  ihr  connn^ion 
beinft  liroltcn  when  the  <;onvei>..'itii'n  is  fini»lir»J.  The 
central  ))lace  or  room,  In  whii-Ii  all  ll»e  individual  circitil^ 
ran,  ix  known  as  Ihe  "  Telcplione  Exc1tanf>e  " ;  and  where  the 
subscribers  arc  very  numerous  or  sptead  over  n  large  dies, 
it  Ks  found  economira)  to  have  monr  than  one  "exchange," 
Ihe  taiioits  c\4:)Mngcs  iK-ing  contictlnt  t>>*  trunk  lines,  as 
they  arc  called,  m>  that  still  any  subsciiber  can  be  |iui  in 
communication  with  any  other  on  the  syitcm. 

Though  the  art  of  tclcplwnH:  communication,  counted 
by  years,  is  still  i»  its  inlarx  y,  niimcrMis  sy stems ^some 
complicaicd,  some  ximplc  -  ha^'c  liven  induiUFimiily  iJcvited 
to  (|uiclcl]r  and  Mm|>Iy  pciform  the  changes  and  make  the 
necessary  connci:lions  at  the  exchange-  The  description  of 
thoe  various  systems,  with  nil  their  details,  would  alone  fill 
a  fair-sined  book,  and  ve  shall  therefore  confine  our  r^-marks 
to  indicatintt  the  chief  characteristics  of  one  of  the  nuiiti 
recent. 

licforc  doing  this,  it  will  perhaps  tend  to  clearness  if 
wc  first  sumnurise  the  variouK  re>|uiteR)cnts  that  an  ex- 
change must  necessarily  fulfil.  Firsi,  Ihe  subscriber  must 
be  able  to  "ting  up"  ll>c  exchange— ih.it  is,  the  atlcntion 
of  the  attendant  must  be  called  to  the  fact  that  a  cerlain 
subscriber,  usually  indicated  by  a  numeral,  desires  to 
converse.  The  attendant  has  tl»cn  to  talk  with  the  stib- 
scriber  and  a*ccriain  which  other  sabscribcr  he  wishes 
to  communicate  with.  The  atlendani  must  then  find 
out  whether  the  other  subsi-nbw's  line  is  at  libaiy, 
and.  tf  vo,  conneci  the  two  lines  toftelhcr  ia  such  n 
way  that  Ike  •  '.    •'  '  I 

ext/itinxe.     Tl      . 
versalion  u  finished,  liiu  st  be  apprued  of  the 
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10  ilini  he  niny  (liHconncst  (ti«  linn.    Thu^,  ihoufth 
mnin  idva  u  Min|>le,  a  \xit  number  ol'  »it»i<liary  ojict^- 
lions  have  to  Iw  pimidcti  for. 

The  ticficiipiton  of  IIk  swilcli-board  on  which  Uic 
vnnouii  4:han);iv(  aie  made  will  be  mure  easily  fulluwcd 
after  one  or  lw(>  MilnidUry  piectx  ai  apihiiiilus  have  been 
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de«:ribc<I.  Of  ihcsc  tlic  simplest  is  the  e"r,l-/<(g  shown,  ftill 
sue,  in  Fig.  319,  where  the  upper  figtircreiircwiiu  the  twiuide 
a[>]>e:imne<;,  and  ilic  lower  one  shows  the  jicg  with  the  Uiield 
/  removed.    This  Iniicf  [>art  h  of  niclal  of  the  shape  shown ; 


the  imall  cyliiKJric  i»n)eclion  C,  with  ils  terminal  knob,  is 
fijt  making  connection  with  ihe  contacts  and  springs  behind 
the  switchboard.  A  flexible  insulated  conductor  enters 
ihc  p^  centrally  3,1  the  other  end,  and,  passing;  tlitough  a 
bored-out  ^ncc,  is  inadv  fast  cicctiically  to  ihc  screw  & 
7'hc  sufikh  i^Mgt,  which  are  operated  upon  by  llw 
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cord-peg.  arc  shown  in  section  in  Fig.  jao.  II  ic|>rc»rnlit  llic 
woudcn  frunt  of  ihc  swilchboflid,  into  which  ihe  l>ravi  hilw 
d  h  inserted,  giving  (he  front  of  tlic  board  ihe  appntnincr 
seen,  full  ivie,  in  Kig.  ^31,  wlitrc  ihrcc  such  \x>\t%  jirojicity 
numbered,  are  shown.    The  hlwrk  L>  jnojccis  from  the  back 
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of  die  board,  nnd  CJtnk's  the  scjiaiate  tirnss  strips  /,  I.,  and  T. 
Of  these,  tlic  strip  /,  when  no  peg  is  in  Ihe  hole  N,  is  in  cont.ii:t 
with  I.  by  inc-nns  of  the  snwil  boll   H.    The  strip  T   is 
soldered  to  the  tulie  /,  and  jKitses  (o  Ihe  bacV   nvithot 
touching  L.     When  a  flocd-pcg  is  inserted  in  N,  the  knot 
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at  its  end  presses  i^piinst  the  inclined  end  of  the  stri|i 
lying  immedialdy  behind  the  hole,  And  maket  good  contact 
with  it,  «t  die  same  time  pushing  it  out  of  the  contact  with 
the  boll  H.     Tiieeonncclion  iH-tneen  it  and  /  i.s  ihcrcforal 
broken,  ar>d  ximullatieuiisly  ilw  flexible  conductor  at  thi 
otiier  end  of  Ihe  peg  b  electrically  connected  to  L. 
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Turning  now  for  a  moment  to  tlic  gcncia!  i-k-<iric.-il  plan 
of  the  board,  (he  prindii'c  used  is  shown  dugrjmmatirAlly 
in  Fig.  3J».  Tlitf  vfhole  «witch>bo>rd  is  divided  into 
sections,  r>f  which  three,  A,  B  and  C,  are  shown  in  the 
figure,  where,  lo  x\\>v\  conlusion,  only  ihc  wires  for  six 
SiibMribc-ra  api>«ir.  Each  s\ibsrril>(:r  has  -i  switch  t]trii>K 
liimiUrly  iiumhcrird  on  ench  Kcciion  of  the  t)oartl.  Vat 
instance,  if  the  wire  maikc-d  401  on  the  left  he  traced,  it 
will  be  found  10  run  ihrttui^h  a  numbered  [air  of  sjirings  .it 
ea<*h  Kcition,  and  to  be  finally  pui  to  canli  nftef  gaming  C. 

The  line-wire  of  each  subscriber  therefore  insses  hchtnd 
each  seciion  of  the  t>witch-t>oard,  and  in  eAch  enlen  the 
apiiropriatc  switch  s]ir in (j  by  the  Hiip  I.  (Fig.  j,t6),  and 
leaves  it  by  the  Mrip  /  Kach  section  is  in  charyc  of  a 
separate  auendnnt,  btit,  though  at)  the  wires  nin  10  each 
section,  Ihc  call  apparatus  for  the  various  subsaibeis  is 
divideil  betwtx-n  ihein.  Thui^  suljsctibers  ■  to  200  have 
their  call  indicators,  etc.,  fixed  on  seciion  A,  loi  to  .(oo  on 
seciion  \\,  and  so  on.  As  a  mailer  of  fact,  each  subscriber 
belonging  to  section  A  hai  hca  switch -spring*  on  that 
section,  one  in  its  ptojier  position  ainon^cst  ihc  springs  of 
nil  the  other  subscribers  on  the  board,  .ind  ihc  other, 
known  as  his  "looal,"  in  a  seiiarale  part  of  the  section. 
Attendant  A  can  therefore  only  be  "rung-up"  by  Kub- 
scribcrs  ■  to  300,  but.  having  ascertained  the  wishes  of  the 
ringer-up,  he  can  poil  him  in  communication  with  any  other 
subscriber  on  the  board  by  sintply  inserting  tlie  Iwo  pegs  nt 
the  end  of  the  same  flexible  <ronduaor  in  the  corresiionding 
holes,  Ihus  bringing  the  line-mrcs  of  each  into  electrical 
connection  through  the  suips  I^  the  pegs,  and  the  flexible 
conducting  cord. 

MavLitg  explainer)  the  general  plan  of  the  board,  we 
may  now  show  the  electrical  pot^ition  of  t)ie  rest  of  the 
apparatus,  and  for  this  pur]x>se  are  traced  in  Fig.  313  |hc 
connections  of  a  line  {No.  9*7)  through  four  section^  D,  IJ, 
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F  and  C,  of  th*  board.  As  already'  explained,  «ach  of 
these  M'ciiottf  conCainK  loo  "  loah,"  ^  shown  l»y  ibc 
niiinlK-[«  ailarhctl,  but  nil  ibc  Mbsctibc-iH  hai-e  switch' 
springs  on  each  seciinn.  'Hie  "  lot'nl "  and  indtrator  for 
No.  937,  the  wire  traced,  will  be  found  on  section  1^  (801 
to  1,000);  b(it  before  reaching  that  section,  it  ban  nltcady 
(lAssvd  througli  swilcb-Kpringi  on  (he  i>nM:etttng  scciioni,^^ 
On  F,  it  piMMi  througli  a  xwiirJt-s))rin];  in  the  »amc  |K)sitio4i^| 
as  on  the  other  boards,  arvj  also  thiough  another  marked 
"  local "  in  n  different  pari  of  the  section,  After  [aiking 
■nxt   mm 
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the  local,  it  passes  through  switch-springs  on  each  of  the 
remaining  sections,  and  llK'n  returns  to  the  indicator  on 
section  E,  after  which  it  is  put  to  earth  to  complete  the 
circuit.  A  cord'|>eg  it  shon-n  inserted  on  section  V,  in 
order  to  connect  9a;  to  some  other  iubsrribcr  whose  local 
is  on  that  section.  The  effect  of  this  is  to  disconnect  937 
from  his  indicator  and  its  earth,  and  to  put  him  on  to  the 
test-wire,  as  well  as  in  connection  with  his 'orrcspoiident 
His  connection  I0  the  teitwire  enable*  any  of  the  switc 
board  operators  nn  the  other  sections,  by  applying  a  simple 
Icsl,  to  ascertain  that  wire  917  is  engaged,  thiu  prev«ntinf( 
awkward  mistakes. 


The  MuLTiPLB  Switch  Boakd. 

It  will  now  be  possible  lo  iindentand  the  arrangemetil 
or  live   switch-l)oard    itseU,    whkh   ts  shown  in   siKlional 


filft.  ii\  Kad  !•}.— ScMluful  aul  Fival  Uevuiun  of  a  Miilli)>k  S*iicb-BoanJ. 

cIc^-atioD  in  Fig.  334,  and  iiifn>nt  ck-valionin  Fig.jis.  Tlic 
figiiin  icprcKnt  a  ^^'c»lcrn  KItxtnc  niuUij>lc  sH-itch- board. 
Tlie  indicaton  of  Uie  !Uil)K:nbciH  belonging  lo  any  scclion 
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are  at  A,  and  ihc  "  local "  switcU-siiriiiKS  already  rcferml  (o 
arc  at  B,  both  wiUiin  easy  icath  of  the  oiwrator  siitinn  in 
front  of  the  Ubic,  At  C  are  the  switrh-springs  of  all  ihc 
subscribers  on  ih<.'  exchanj^e  arranged  in  hundreds,  in  the 
manner  jiarily  shown  in  Fig.  jzi,  so  that  any  required  s|>Tin| 
can  be  quickly  found.  At  D  arc  Ihc  '•  ting-off"  indicjt 
— i.t.  ihc  indicators  which  show  when  the  ronvcrsation  li 
linislicd,  and  that  the  connccltonx  may  be  broken. 

The  coniftruction  and   mode  oT  action  of  the  *'indi- 
<:ators"  has  litill  to  be  explained     Of  these  th«K  are  very 
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numerous  patterns,  differing  in  minor,  but  sometimes  im- 
portant, deiiiiU.  A  very  good  one.  known  as  Ihc  "  l>anvcr8  " 
pattern,  is  shonn  in  Fig.  316.  A  twolimb  electro  tn.ig net 
W,  pl.iccd  behind  ilic  indicator-board,  lias  an  armature  A 
pivolled  a*  shown,  and  with  an  extension  passing  through  a 
slot  in  the  frainewotk.  The  front  end  of  the  lever  is  held 
depti'fistd  by  a  strong  sprioj{,  which  tan  he  ndjit^ed  by  the 
screw  S,  and  which  thus  pulls  the  ariiuture  A  off  the 
magnet  W  when  the  current  is  not  passing.  At  the  end  vS 
this  front  arm  is  a  catch,  wliich  luailly  engages  wilh  tlic  b 
edge  of  and  holds   up  the  shutter   P.     But   when  ?• 
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nilMcted  by  th«  inagnci,  the  catili  is  Urtc-d,  and  llic  xhuttci 
falls  by  its  ovrti  weight,  ex]x»ifig  iIk  plate  G,  <in  which  is 
Itxcd  a  nuiobcr  by  means  of  a  ihin  brass  ftninc  a'-  f^iv 
:^hii(tcr  1'  is  shown  in  the  act  of  Tailing ;  when  in  ils  lowest 
jiusitiun,  A  i^alinum  point  on  it  tc^i  on  the  contact  screw 
C,  and  cto&es  a  local  circuit  in  which  an  electric  bell  is 
placed.  Sucii  circuits  arc,  however,  not  used  in  targe 
L-xchanges,  and  the  attendant  lias  to  «-atch  the  fall  of  the 
shutter,  uhi<h  cx|>ases  the  niunbei  of  the  subscriber  who 
has  "rung-uj)," 

For  simplicity  uc  have  described  a  switch-hoatd  with 
earth  returns  ;  where,  for  reasons  ^iven  iul>sei]iienlly,  com- 
plete mciallic  circuits  are  deurable,  the  same  principles  arc 
u»ed,  but  the  switch-siwuigs  and  cord-pegs,  etc,  are  neces- 
sarily more  coniplicatetl. 

With  this  wc  must  conclude  our  remarks  on  "  Telephone 
Exchanges,"  and  refer  our  readers  to  technical  books 
for  fuller  details-  ^^'e  cannot,  however,  quit  the  subject 
altogether  without  a  brief  reference  to  a  most  interesting 
brandy  which  is  at  the  present  time  undergoing  rapid 
dcvelopmeoL 

LONC-DlSTANCE    TrLRPHONV. 

As  soon  as  we  take  the  condi>cting  circuit  of  a  telephone 
outside  the  confines  of  a  single  building,  or  run  it  in  the 
neighbourhood  of  wires  in  which  other  electric  cunents  arc 
flawing,  we  are  at  once  met  with  a  number  of  diDiculiies,  due 
to  the  fundamental  electrical  laws  already  explained.  For 
instance,  when  the  first  telephones  brought  to  this  country 
ftotn  America  were  connected  up.  for  experiments,  to  one  of 
ih«  telegraphic  circuits  in  the  City  of  l.ondon,  n*c  are  told 
that  the  lapping  of  all  the  Morse  keys  in  the  city  could  be 
heard  in  I  he  receiver,  producir^  such  an  overwhelming  noise 
that  OHtvers^ilion  was  out  of  the  (iuc«lion.  And  in  the  early 
d  ents  "  crou-latk  "  and  noises  of 
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all  kinds  from  ncjghltouring  wires  w«re  frviitient  causca 
complaini  from  the  stiljscribcrs. 

All  (hcsL-  disiurtt.-inccs  .irt  due  lu  the  fu-Te^chin];  ch. 
acierand  npplicabiliiyofthc  Uws  of  induction,  hoih  marine: 
clecUk  ami  elwtrosutii'.  In lh<; alwve-meniioncd  case  th 
lc'1e])honic  circuit  ran  alongside  live  uthrr  telegraphic  circui 
in  which  nunieious  and  varying  cuircnts  were  luing  u»e< 
'llic  fluctuations  in  these  currents  caused  linet  of  lurc«  t 
be  continually  cutting  the  telephone  circuit,  ihuii  gtring  ria 
to  E-M.F.'!(  in  the  btter  whirl)  .let  U|>  currents  nfTcctirtg  Ih 
Itfkphonc  receiver.  'I'his  wjis  due  to  «i;iiijnet(H!lcvtrii:  it 
(luciion  :  but  elcato-slatic  induction  was  also  at  work,  f« 
when  n  conductor  lins  its  potential  altered  at  any  poic 
condticton  in  its  iicigltliviirhuDtl  luive  their  jtolcntii 
moineiiurily  nltfiinl,  and  cutienls  are  set  up  in  the  hlt( 
until  a  state  or  equilibrium  is  reached.  If,  theTcfore, 
telephone  be  jilaced  in  the  last-named  conductor  thcq 
currents  Kill  alleit  it. 

It  thus  very  soon  becain«  eridenl  that,  if  telephony  m 
cwr  to  be  i>ractically  successful,  it  was  al»oiute!y  nccessai 
to  scrttu  the  telephone  circuit  from  such  disturbances-  . 
great  improvement  vras  efTecied  by  abandoning  the  un 
return,  so  universally  used  in  telt^iaphy,  and  cnijiloyin 
instead  a  complete  metallic  circuit,  and  though  subicquct 
iinprot'einents  have  enabled  earth  returns  to  be  employe 
in  certain  case^  reeoiir^ie  is  now  idn;iyii  had  to  cocnplet 
metallic  circuits  wherever  ^ood  work  is  desired.  In  tbei 
circuits  ilic  two  wires  should  always  be  close  to— jwd, 
possible,  twisted  round— «nc  another,  so  thai  they  will  bol 
be  at  the  xumc  mean  distance  from  the  dtitutt>iR£  cans 
which  will,  iliercforc,  ad  eipully  on  l>oth  in  a  nay  that  in 
tend  to  neutralise  its  effects  on  tltc  complete  circuit  Fc 
instance,  it)  Fig.  337,  if  the  closed  loop  represents  a  mctalli 
circuit,  .1  disturbing  can'  i^nce  would   produo 

E.M.F.'s  in  both  wiri:^  Kiion — say,  Iroi 
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I;o  right,  as  indicated  by  (he  arrows  i  and  i.     An  b- 
;ion  of  ihc  figuie  will  show  th.ti  if  these  P^M.K.'s  ore 
equal,  then,  beinx  in  the  ume  direction  in  ifaer,  th«y  will 
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n«uir.-iUM;  one  anotht-r  in  tht  drcuH,  in  which  they  are 
opftositet)'  directed. 

To  secure   the  oiualit)-  of  the  induced   E.M.F.'s  the 
simptvst  plan  b,  at  wc  have  said,  to  twist  the  two  wires 
of  the  <:ircuil  round  one  another.    In  wir<.-s  Uid  tindergrotind 
thii  con  easil)-   he   nunat^ed 
cither    when    Ihc   witvs    Jirc 
being  laid,  01,  belter  still,  as 
is  now  usually  done,  when  the 
cable  containing  many  wires 
i»  nuiiuraclured.    In  the  bttcT 
case  the  caWc  is  now  gt-ncT' 
Ally  surrounded  by  a  sheathing 
of  lead  connected    to  e*nb, 
which  forms  the  best  prottc- 
tion  against  outside  electro - 
slatk  induction. 

With  werhead  wires  the 
twisting  is  not  so  easily  carried 
out.  Too  systems  have  t>cen 
dvvclojicd.  In  th<:  lirM,  known 
as  tlie  "cut  and  cross-over" 
system,  the  wires  are  at  certain 
inictv-ah cut  and  rasicncdofT  to  tlu:  insulators  on  one  of  the 
poles-  New  wires  start  from  other  insulators  on  the  %ame 
poJe,  and  arc  crots  connected  to  the  first  win.%  so  that  fo* 
the  next  few  spans  ihc  position  of  each  oondnctor  is  changed 
,  relatively  to  its  neighbours.   One  of  these  "cross-over"  pole», 

PV 
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will)  its  iloubk  ■MX.  of  insubturs,  is  sboit'n  in  Fig.  338. 
corTcsiMndiiig  couductors  on  the  two  sides  o(  ih*  |"«)le  ari 
similarly  numbcTi-<i,  and  the  cross-coiinecling  insuljilccl  wlra 
can  lie  liatwl.  In  thi.i  way  the  distiirbaiwes  on  any  in- 
dividujil  conductor  <]ue  to  currents  in  its  nei^hlmuis  nculr-iltsa 
one  another  nhrn  Ihc  whole  circuit  is  taken  into  Account. 
In  practice  it  n  Tound  sutlkicni  to  cut  and  croo-over  at  llu 
en<l  o(  every  ten  or  twfelve  s|Min!t. 

The  oiticr  method  consisla  in  tv,'js.tin|!  tlw  wires  in  lh< 
air  as  iliey  f>jss  from  [lolo  to  |iolc,  am)  m  illustrated  in 
1''ig-  J29i  which  shows  tw«  wires  to  twilled    The  plu 
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consists  in  laving  long  and  short  aims  ultcrtiatcly  ubovc 
and  below  one  another  on  each  pole.  In  each  spin  each 
wire  crosses  over  cither  hofiv-ontally  from  outside  to  instd« 
(the  other  wire  crossing  in  the  o(t]>o»ite  direction)  or  il 
cTots<%  vertically  ftooi  the  up^wr  to  the  lowti  aim.  In 
thi»  way  the  wire*  iwLit  completely  round  one  anotlier  oiki 
in  cwry  four  npann. 

By  carefully  attending  to  details  of  this  kind  in  ttu 
erection  of  the  lines  it  is  now  found  (to^ble  to  ut. 
orcf  loiig  lengths  ot  ntrnal  wires.      i-"or  such  \'j\\^ 
work  Sj'i-cial  ttunk-Hire^,  as  ihcy  nre  c-illcd,  arc  run  ;  the 
aie  now  invaiiaWy  of  topper,  and  ate  u;  heavi 

than  ordiiury  telegraph  wiies.  m>  a»  m\ 

resittance.    Com|>l«te  metallic  cira 
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Such  a  Imnk  line  has  l>een  woiketl  commenrially  for  some 
iioic  between  New  York  and  Cliicj^jo,  a  distance  of  nearly* 
1,000  miks.  As  ihc  cost  of  ihc  erection  of  irunk-litics 
ix  ununuilly  heavy,  a.  chntge  that  at  first  sight  may  apjicar 
cxecidive  liax  generally  10  lie  made  fur  tlu:  us«  »(  ihem. 
Thus  the  NVvr  Vork-Chtcago  line  urilTis  9  dollars  (J7s.<id.) 
fot  five  minutes'  conversation. 

When  wc  lum  to  telephony  through  submarine  or  xub- 
turraticiin  cables  a 
new  ditticiiliy  ap- 
pears. We  have 
alrtaUy  refeired  to 
the  effecf  of  eloc- 
Itosuiic  capacity  in 
blurring  tlic  signals 
and  reditdng  the 
speed  of  wotkini; 
on  long  ocean 
telegraphic  cables. 
Wien,  therefore, 
«r«  reiDCinber  that 
the  telephonic 
cutretits  are  enor- 
mously more  rapid 
in  thcii  changes 
than  tlie  comparatively  sluggish  telegraphic  cuttcnu,  it 
is  not  saiprisiiig  ihul  the  ptobleni  of  longdistance  ocean 
telephony  has  rM>t  yet  bccii  prjiticjlly  solved.  We  \ray 
renKirk,  however,  thai  some  very  jiroinising  solutions  have 
reccfilly  Iwcn  pfoposcd ;  but  until  these  are  a<:lujlly  tried 
with  a  lung  and  s|fcrially-conslructcd  cable,  iheir  feuMbility 
cannot  be  conxidered  .ts  denKin-sttaicd. 

Kor  short  lengths  of  cable,  buwever,  the  problem  ha 
been  successfully  solved.     Thus   Loudon  anil   Paris  arc 
connected  by  n  tnink-linc,  including, aj  uUles  uf  specially 
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constructed  sul>mann<;  cable  Atto  (>U>>gow  ami  Belfast 
are  similarly  connected,  the  cable  »j)aii  being  niiher  loiigct 
than  in  the  preceding  case:  Both  ihnc  cables  have  been 
'Carefully  designed  by  the  engineers  of  the  Driiisb  rust 
Office,  and  ne  give  in  Fig.  330  at  fiill-Mic  icctivn  uf  ibi> 
Irinh  one,  which  is  Ihc  most  rct'Cnt.  The  cable  contain* 
four  condiictOTK,  ea<r!i  consisting  of  Jcwn  stiaitds  erf  wire. 
It  iheicfore  ha^  sufficient  condtKt<>rs  for  two  complete 
circuits,  and  in  norking,  ihc  two  diametrically -opiiosiic 
ones  arc  joined  for  oiic  circuit  §0  as  lo  mininiiM.-  the 
CTo»'lalk.  The  four  coitdiictors  are  iaMitated  in  the  utual 
way,  with  guttaperrlia,  and  twiited  round  one  anotltcr  in 
lun^  s^raU.  They  are  ihen  covered  wiih  a  Mrrving  of 
tarred  hemp  and  a  uraptitn^  of  a  thin  sheathing  of  brius 
ta|>e,  sliown  by  a  fine  white  line  in  ihc  tcctioit ;  outside 
this  there  comes  more  tarred  hemfi^  and  then  the  protect- 
ing sheathing  of  stoiit  galvanised  iron  wires,  each  havinj; 
a  dtamcier  of  oaS  inch  and  a  break  ing-sl  rain  of  3.500  lbs. 
Outside  the  sheathing  is  a  further  |>TOlcctirc  coattr^  of 
iDinetal  pitch  and  sand. 

The  reason  fof  using  the  brass  Upe  shcattung  is  a 
curious  one.  In  the  csrly  da)'s  of  uibmarine  tel^raphy 
much  trouble  was  caused  in  iropit:nl  walcn  by  the  depreda- 
tions of  ao  insect  known  as  the  Undo,  which  has  a  great 
pa-dileclion  (or  gutta-percha,  and  which,  therefore,  soon 
destroyed  the  insulation.  Latterly,  this  invcit,  finding  its 
favourite  food  plentiful,  has  made  its  a|>pearance  in  Itriliith 
waters;  hence  the  nccessiiy  for  the  Iwass  sheath,  which, 
fortunately,  conuituics  an  efleciive  piotcctton  against  it 
The  French  (-aht<-  only  dilTcrs  from  the  irislt  one  in  ihc 
aliscncc  of  this  l>ra!>s  sheath. 

tVith  such  land  and  submarioe  lines  ulepbonic  com- 
munication is  succcsiifully  carried  on  between  Loodoa  and 
Paris.  It  is  iniMe«tir>K  to  noip  ihnt  itic  line  consists  of 
aft3'5  miles  of  Ov  1   submarine   and 
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snhtCTmnean  ones,  mnking  311M  milcH  in  all.  Mok  llun 
hair  the  dectroauiic  ca]ucily  of  this  liitc  is  due  to  ihe  calilr, 
short  as  it  is,  so  that  the  line  is  equivalent  elecuically, 
i.^xcvpt  in  resistance,  to  an  overhead  one  or  more  than 
'  W>ul)le  ihc  length.  Ex|ierinientall)-,  (Onv-crtalion  ha.t  been 
canied  on  owr  Ihb  cable  belweeii  I^ndon  and  Marseilles 
whicl)  is  a  circuit  more  than  equivalent  to  the  New  Vorlc- 
ChiraiK)  line. 

Mirtor  Applications  of  the  Mag'netio  Effect. 

There  are  numerous  aj^jtlieations  or  the  tnsgneiie  elTeci 
otlier  tlun  ihOM  directly  concerned  with  lc)cgr3[>hy  and 
telephony.  When  attention  has  to  W  called  lo  something 
oceutring  at  .i  distant  [il.ve,  or  an  automatic  record  has  lo 
be  made  i>f  suct:esH»i-  iibasct  of  recurring  plKnomena,  or, 
still  more  Trequently,  when  one  jicrwm  reqwires  the  services 
or  another  who  is  too  far  away  for  the  voice  m  rt-ach  him,  ■ 
the  electric  current  Uan  obedient  and  a  wondcifully  aibgiiive 
servant.  Thus,  for  instance,  for  lire  and  burglar  alarms,  for 
recording  the  successive  changes  in  tlie  mcleorological 
elements  (temjieTature,  iMroraeter-presnirc,  etc),  and  last, 
but  ni)l  lejM,  for  lioniestie  use  in  the  sli.ipe  of  call-bells  ar 
otherwise,  nothing  more  conTcnicnt  has  hitherto  been? 
devtKcL  Nor  should  we  omit  to  note  that  for  time-kcepin); 
ptirpottes  a  numtier  of  clocks  electrically  controlled  can  lie 
synchronised  with  ^teat  accuracy. 

In  many,  if  not  most,  of  these  niiracrous  iipptic  at  ionic 
the  most  prominent  piec«  of  electro-magnetic  apparatus  is 
the  electric  bell.  There  are  many  varieties  adapted  to 
s|)e<'ial  |)uqK»eK.  t>ut  by  far  the  most  common  is  the 
ordinary  "  Trembling  "  liell,  one  pattern  of  which  b  shonn 
ID  I'ig'  331.  A  two-limb  electro-magnet  .M  is  mounted  on  a 
base-board  so  that  its  yoke  aiKl  armiture  an:  venirai,  or 
nearly  iw.  The  armature  A  is  attached  to  a  projection  on 
the  Iwass  base  P  by  mesi»  of  a  stiff  steel  spring  /  so  Kt  tip 
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llinl  when  ni>  '-iim:til  is  jussiri);  tlirotii-ti   Die  niagnot   A 
dT3<rn  some  little  distance  away  fton)  l)ic  (xrles.     Bchinil 
there  15  another  strip  of  stc«l,  which  should  lie  moiv  flcxiM 
than  /,  and  nhicti  is  bent  ouiunrds  so  as  to  come  inli 

conwa  with  a  pin 
(j)rojec(ing  rrom  a  shot 
j>illar)  when  A  it  htl 
off  ilie  poles.  The  clM 
irit  ciitrrnt  startin);  Troi 
\\\t  tcnninjil  screw  i 
passes  tliTotifjh  the  cnil 
of  the  magnet  M  tit  ihi 
screw  rf,  n-iiK-li  la  ii 
:iieiallic  connection  wii 
!hc  [ilatc  P.  It  ihff 
passes  front  the  sujiport 
injt  |iroj<H:tion  into  th 
^v\n^/,  and  tb«  (>ih< 
Hcxibic  spring  to  ill 
contact  pin  c,  the  pilb 
supfKKliiig  which  is  i( 
Kuhlerl  from  I';  ftxjm 
ii  )!flei  to  the  olh« 
iviminal  screw  A  Th 
.iriiuiurc  A  c-ime<i.  b 
mranx  of  a  ciir\«i  ci 
tciiuon  R,  the  hanunt 
K,  M>  pUccd  a;  to  sttik 
the  gong  G  when  A  ix  attracted  to  the  i>olcs  of  ihi;  magnet. 
If,  now,  the  teruttnals  u  and  ^  be  joined  to  llie  eruls  c 
a  circuit  comainint;  a  baltety  and  suiiable  circuit  closio 
devices,  whenever  the  circuit  is  pIo«k1  at  any  pre-arrange 
point,    the  cunciit    flowing   en.  :  '    M    am 

attracts  Ihe  nmiaturc  A,  rmsii  fil-     iI- 

gong.     Bill  at  ttooa  as  A  1. 


in«.  III.— 'nnC<HWHi  ■•  "I'nniUint' 
KiRUk  Ihil. 
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tho   Itcxibk  icpiiog  iK'hind   leaves  the  conuci  [nii  .-  3n<l 

breaks  ihe  cirmil.     Tlic  auratlion  Ihtn  Ma»cs,  and  A  is 

drawn  IjHck  t>y  the  spring  /     As  it  tiaveh  liurk  the  lircuil 

]s  agsiin  made  at  c.  iht  <'tiTrent  again  i>ii«««h,  A  is  a^«in 

Allraried,  and  itic  gong 

UK.iin     .striirk.      liicse 

b.icknanl   Jiiid    forward 

niovcracnis  of   A  i:tin- 

linuv  as  long  as  ciirrt'ot 

is   su[>]>licc1.   and    thus 

the    bell    continues    to 

ring. 

The  apparatus  for 
doiiDg  the  circuit  de- 
pends upon  the  particu- 
lar retiwircmcnts.  Fof 
many  doiiKsitc  purposes 
[he  most  ramiliar  form 
of  switch  is  known  as 
the  "push  switch,"  or, 
more  shortly,  ibe 
"  push."  The  outside 
[ip[>earance  is  shoun  at 
the  top  of  Fig.  331, 
whilst  the  other  two 
liguTcs  show  Ihe  apior- 
atUH  in  {)Jan  urid  ele- 
vation with  its  c«'CT 
removed.  To  a  base  A 
of  wood,  sUte,  or  por- 
celain, two  mwings/aod/',  o(  the  shape  shown,  arc  attached, 
and  to  these  the  electrical  conductors,  coming  throujrh  holesJ 
a  aivdi*  in  the  luse,  can  be  screwed,  One  iytin^/,  as  indi-'l 
catcd  in  the  elevation,  overta|)«  the  other  at  the  centre  without 
touching  it    A  cover  1)  is  screwed  on  to  the  screw  thread  J, 
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nnil  II)  tlio  unite  of  ilic  fovcr  ix  a  bullon  or  push  c,  held 
frutn  faltiitg  out  by  a  flange  round  iu  lower  edge.  Ordinarily 
e  rests  lightly  on/,  and  the  circuit  Is  broken  by  the  gnp 
between  the  two  springs.  Ilul  when  f  Is  pushed  in,  the 
(prinji;*  are  l)r<jijglil  into  conUcl  and  the  circuit  dos«d,  lbi» 
eausinij  the  distant  bell  to  ring. 


The  method  of  connccting-up  an  electric  bell  system  for 
ordinary  domc^lic  use  may  interest  some  of  our  readers.  It 
is  iihonn  dingiammalic.illy  in  I''ig.  333,  where  it  will  be 
observed  that  only  one  battery  and  one  bell  an:  needed  for 
the  live  switrhcn,  which  are  stip|i(i«ed  to  be  in  separate 
rooms.  The  box  T  contains  the  electro- mag  nets  and 
indicators.      Of  these  there  arc   five  sets,  one  for  etch 
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i^^One  terininni  or  trlxh  ekflrft-ma^nel  i»  conneclcd 
to  the  com  I  lion  liindiiigscicu'  K^,  and  the  other  terminal  to 
one  only  of  ihc  five  screws  K] — K^.     From  these  screws  the 
^_  conductors  run  lo  the  ^pamtc  pushes  in  the  various  rooms. 
^VOn   the-  other  side  of  the  pushn  thuy  all  join  on  lo  a 
^■common  rettirn  wire,  which  rutti.  hack  to  the  l^alti-i)-.    11>e 
^V  oihcT  ]»>le  of  the  hallei)'  ii  joined  through  the  bell  Cf  to  the 
common  binding-screw  Kn  of  the  indirator-box.     The  kind  of 
indicator  vhown  in  this  figun:  is  sumcwhst  dilFcrenl  from  that 
already  dc-wrlbed  (page  (ijS),  hut  the  diffcrcnics  .ire  only 
mechanical,  the  clocttical  principle  hciiif;  the  ttnme.     In  this 
case,  when  a  current  passes  through  one  of  the  electro- 
magnets, oniiig  to  the  ciiruit  being  closed  at  the  corre- 
sponding "  |nis)i,"  3  little  white  c.ird  falli  forward  through  a 
nunilieied  or  labelled  slut  in  the  front  of  the  box,  ihus 
"indicating"  which  push  h.is  tn-en  used.     The  cards  have 
to  be  replaced  mechanically. 
I  For  purposes  other  than  those  just  referred  to,  <liffeteiii 

■methods  of  closing  the  circuit  are  employed.     Thus,  for  fire 
^■alarms  the  rising  of  the  mercury  in  a  thermometer  lube 
may,  at  a  certain  teniperatiire,  close  the  circuit  and  ring  the 
alarm  Iwll.     The  same  object  lan  l>e  accomplisheil  by  ihe 
melting  of  n  piece  of  fusible  alloy  rclca^ng  a  sprin^^  which 
[then  ftiex  on  to  a  contact  point.     ]-'nr  butgUr  alarms  the 
cnnlacl  is  dosed  by  the  opening  of  windows  or  ilourt,  and  n 
IS  nsually  arranged  so  that  nil  the  circuits  may  be 
ctely  broken  during  the  day-time;   in  that  case  the 
eh  haf  to  be  altered  at  night,  so  as  to  bring  the  alarms 
ato  action  should  occasion  arise.     We  rq^  that  want  of 
'^  space  precludes  US  from  describing  in  <!e<ail  .ir>ine  of  the 
ingenious  devices    used    for  these    and    numerous   other 
pairposo,  including  electric  time  keeping. 
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CHAriKR   XIV. 
THE    ELECTRIC    TRANSMISSION    OF    POWER. 

\Vk  novr  turn  to  a  wider  as|Kot  of  llic  applicallons  nf  ibc 
electric  niireni,  and  on«  coTicetninR  nhich  ii  iv  i  '  > 

to  foresee  al  \\k  |»csent  lime  all  (ti«  i'onsc<iii<:i i  '  li 

majr  attend  its  development  In  the  three  ]trec.^\t>g 
chapters  wc  ha^'c  dealt  w-ilh  vaitous  applicalions  of  the 
current  irriihuut  much  reference,  CKCpt  in  the  ciM  ol 
ceotnl  nations  fot  etectric  li;.;hiin};,  to  the  iiourcc  from 
which  the  energy  of  tlie  current  was  proruretl.  In  the* 
chapter  we  propose  to  d«retl  in  detail  (i]>on  those  properties 
of  the  (uneni,  already  coinidered  tjenerall)-,  which  make 
pre-emiiteiuly  the  vehicle  for  the  transmission  of  po' 
from  convenient  sources  to  far-distant  points.  Il  is 
that  the  Md>}cct  of  ihc  last  chapter  wai  a  inattioilar  tnsi 
of  such  tran.in)issio»,  I>ul  in  those  aiiplicaiions  tlic  ,ini< 
of  jiower  re^iuired  and  tr;insmilted  is  so  small  tttat  c 
siderations  of  the  sources  from  nhich  it  was  oUaincd  x 
of  the  loss  in  transmission  are  onljrof  secondary'  importance. 
When.  hon-fvcT,  wc  face  ihr  pnilJcm  of  t)ie  tran!(mivsi<:>n  "f 
power  on  a  hif,<:  v^aJe,  we  fmd  ihai,  allhou};h  the  l.in-s  wuli 
which  ve  have  to  deal  are  the  sodk,  some  of  the  conse- 
^luences  of  those  Inn-s,  which  bcfon;  might  be  ne^':  -  ' 
because  of  their  in«ignilic.-ince,  now  Ixsmme  nf  [i 
impottancc,  and  profoundly  moiiify  our  methods  .ind 
paratti^.  litis  change  of  aspect  is  extremely  imciuting 
the  careful  observer,  and  the  dcscriptioo  of  the  modii 
tiont  it  introduces  into  the  Ircaimenl,  and  the  solutii 
of  the  various  new  problems  tlui  arise,  cannfn  fail 
still  further  impress  and   familiarise  the  reader  «'iih 
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wDodLTdil   n-ittirv   of  ihv   b«-£   ioralvcil,   nnd    t1i«ir    Tot- 

^jTcachitig  Inl1uc»c«. 

^P  In  (lealint;  with  this  nitlMr  wide  subject,  we  shall  lirsi 
con^idcI  the  vaitous  syucms  a^'aiUble  for  ihc  iran&iiiission, 
and  llic  ap|iaratU5,  not  already  clotcriljcd,  |)c<:iiliar  lo  lhc»e 
systems.  Having  already  t'onKidcTi-d  iho  iiltlitntion  of  (h« 
energy  of  ihe  current  :it  ihe  rlisLiTil  end  fi^  Itgliting  and 
chcniicnl  purposes,  (here  siill  renmins  to  show  how  il  nay 
lie  iisetl  to  do  nH-rhankal  wrtxk,  and  ttii:;,  wilh  a  destrription 

Ir  the  varioiu  directions  Jn  wlikh  it  has  been  »q  utilised,  will 
jncliide  Ihe  chapter. 


Systems  of  Transmission. 

When,  in  a  preceding'  chajilcr,  we  were  following  out 


me  of  the  consequences  of  ttie  "law  of  conduction,"  we 

fwrcd  briefly  (o  the  methods  in  which  the  various  ton- 

ductors  along    uhicti  the   cuncnt    was  to  pa«  cou!<!    Iw 

inangcd.      'ihc  two   chief  methods  described    were    the 

i'scrici"and  (In;  "parallel"  (Figs.  157  and  158), and  it  wai 

lilted  out  that  combinatiun-i  of  these  were  also  available- 

(Jt  "  conductors  "  read  "  consumers  of  elertiic  energy  "  in 

liy  form,  and  we  have,  in  outline,  two  of  tlic  chief'  system* 

ivailabic  for  the  electric  transmission  of  power. 

A  di«inction  muvl  here,  however,  be  drawn  between 
long-distance  traiiMiiisiion  "  and  ''  local  diKlribuiion  "  of  the 
wer  at  the  place  where  it  is  lo  t>c  uiilUed.  Kxa:pt  in  the 
■se  of  electric  railways  and  tramwayi,  the  power  is,  as  a 
lie,  icquircd  at  perfectly  definite  points,  and  the  details  of 
:ie  inclho<ls  by  which  il  U  most  conveniently  <lislribuied  in 
'iL-  itnniediale  ncigh))Ourtiood  of  those  poini'c  are  governed 
ly  other  considcialion^  than  those  which  rule  Ihe  tran.t- 
ission  of  the  power  from  a  distance  up  10  these  points. 
A  little  consideration  will  make  il  obvious  that  where 
'  hul  II,  Cbtp.  VI. 
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a  long  diMancc  inten-enn  l]rfwe<^  (he  source  where  the 
current  is  gencraicl  a»d  llie  ne3in-«l  point  wlicre  llie  Imlk 
of  ihc  energy  is  requirod,  the  sinijilest  possible  nrrjn^etii«nt 
of  conductors  should  l>c  used.  Of  all  mclhocb,  the 
sim])lc»l  is  ilui  whitli  involves  only  the  use  of  two  con- 
duclont,  if  the  earth  lie  not  used  as  a  return,  lu  complete 
the  necessary  circuit,  or,  at  the  niosii  thrte,  a*  in  the  cisc  of 
polyphase  currents.  Notw ith standi hr  this,  there  slill  remains 
considerable  choice  as  to  the  details  of  the  iratismisMon,  us 
we  shall  now  proceed  to  show. 

In  the  chapter  on  "  elcclrii.il  measure  men  I*,"  when 
dealing  with  the  measurement  of  power  {paj(t-  >toH),  we 
cxplHincd  that,  electrically,  power  is  the  product  of  two 
raclors,  Ihc  electric  pressure  or  volLige,  and  the  current  or 
otrnpimge.  Thus,  in  a  circuit  in  which  50  ampfcres  arc 
fioiring  under  a  preshurc  of  100  volts  the  power  is  50  x  too 
=  5,000  volt  am  petes,  or  team,  as  they  arc  mor^  hriefly 
called.  Therefore,  if  re<iu]red  to  deliver  power  up  to 
I30  kilowatts  (130,000  watts  or  160  horsepower),  at  a 
disiani  point,  we  can  choose  the  paiticubr  voltage  and 
smpt-t.ige  which  appe.in  nioiii  suitnble  and  economical. 

'Hitis   the    120   kilowatts  may  be   given   liy  any  of  the.^ 
following  combinations ; — 

A  enrroil  of  10,000  anip^t  at  n  pctentinl  iliffi-rmc*  of  II  volts. 

„  i.ioo  .,  joo    ., 

100  „  1.100    „ 

,.  10  „  iJ.ooo    „ 

„  I  „  la^ooo    „ 


or  any  other  combination  of  current  and  potential  difTercnct^l 
proridcd  always  (hat  the  produi-i  of  the  ntimtier  of  amiivres 
by  the  number  of  volts  is  110,000.  ■ 

\V'e  must,  therefore,  inquire  what  practical  consideraiion< 
there  arc  to  guide  us  in  so  wide  a  choice,  and  we  soon  fintj 
that,  apart  from  side  issues,  there  are  two  chief  points  to  I 
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IX 


in  view.  These  arc  ihc  cost  of  ilw  powci  lo>l  in 
wastefully  healing  tin;  condu*  tuis  or  inikins  on  Ihc  oni;  hand, 
and  ih«  interest  of  the  capiial  iiunk  in  Uiukc  niAins,  togi;lh«r 
with  Ihc  L-ost  of  mainteiuincc,  on  die  other.  1^:1  u*  explain 
mure  fully.  We  alicady  knon-  that  whmi  a  current  passes 
along  a  otndiictur  it  hc.iis  il,  ;ind  in  Ihc  cue  with  vrhich  we 
iire  dealing  this  heat  \s  loM  ;  hut  the  heat  vo  lost  is  ewrgy 
which  has  heen  procured  at  some  cost.  In  the  fim  pUoe, 
len,  we  should  liy  to  diminish  this  wjwte  heaL 
If  wc  suiitx)"!:  ttie  current  in  the  conductors  10  be  A 
anipitres,  R  to  he  the  reuHtance  of  \\k  mains,  E  llie 
]>otenlial  dilTcrenre  at  the  generating  end,  ^md  e  Ihai  at  the 
dclivrr>'  end,  then  the  heat,  H,  measured  in  eahrUt,  which 
i§  wasted  in  t  seuMxls  in  the  mains,  vi  ^ivcit  by  the  eijiiaiion 


H  =  0-14  A  R  t 
E    e 
R 


Where  A  = 


(')■ 


^^K  To  reduce  the  amount  of  heat  wasteil  in  a  gitva  time 
^Hre  must,  ihcrcfoTc,  dimini^  cither  R  or  A,  or  both.  R 
^^^vpcnds  upon  the  maUrial  of  which  ihc  conductor  ii  made, 
its  ItN^^lh  and  its  crots-t^lionat  area.  As  silver,  (he  best 
conductor,  is  obnousljr  too  costly,  ihu  maiciial  imially 
cmployctl  is  coppci,  which  is  neaily  as  good  ciccuically. 
The  l<i>glh  of  the  mains  is  fixed  by  the  distance  of  ttans- 
nnssioit  and  the  route  available.  U'e  can,  therefore,  only 
still  fuilhcT  n-diicc  the  waste  \x<s  imrtasing  Iht  (rost-se^lhnal 
ana  or  siie  and  weight  of  the  mains.  But  copper,  though 
much  chcaiKr  than  ulv-er,  is  not  inexpensive,  and  thus 
(jiiesltons  of  finance  very  soon  step  in  to  cori)|))ic.ite  this 
lution  of  the  dit^ulty.  Moreover,  the  cost  of  nunufac- 
ring,  insulating,  and  laying  heavy  conductors  has  to  be 
iruidcred.  Although,  tlierefore,  irKrcasing  the  sat  and 
eight  of  tHe  mains  is  a  theoretical  solution  of  the  diflkultyt 


654 


T»F.  Electric  Cukrkst. 


NUcli  incrca^i;  cahrioi  lie  cxiendeJ  inilefinildy,  for  il 
teaches  [tic  limits  alluwultiv  in  prjctice. 

Since   tke&c  coiisidcralions  nf  cost  fix  .1  liinil   to  the 
icdiiclion  of  R,  wc  niiist  uitn  to  tlit  olhcr  fartor,  A  (the^ 
curteiil),  nixl  vxjiiiiric  ihc  a<lv.inu);eK  niul  iliiad vantages 
leducitiK  't'     ''  i^  •"  ^">'<^  u|)|iarent  that  any  iliminuiion  of 
A  is  much  more  effective  in  iciluting  the  wawe  of  «n«tgy 
than  a  c(»T»|ionding  diminution  of  R,  becaiiM  Ibe  wisle 
vxHm  .is  the  S'/uart  of  A,  and  is  only  ditecily  proportional  1 
to  R.     Thua,  a  diminution  of  the  cutienl  to   itii  of  its' 
previous  ninount  will  reduce  the  wjiste  energy  to  jth,  if 
other  conditionit  remain   unchanged.    'I'o  make  this  stilly 
clearer,  we  may  take   the  example  already  given  of  \.\\i 
various  currents  that  might  Uc  used  to  transmit  a  |>o«aT  < 
no  kilow.ittt  10  a  distance.     W'c  armnjjv  llx:  figures  iit 
table  :- 

Tamlk  IX.— Trassmiwion  ov  lao  KriowATT*  wrrn  Vakwds 
Ci'KBrsTi. 


Amp«ns« 


I.20O 

■00 

10 
I 


K«lkUvo  Valuci  ot 
WtnoB«at 


l(J0,OO0,^OO 

•.■HO.W0 

l«OM> 

100 

I 


VulUtO 


A  glance  at  the  second  column  of  this  table  will  show_ 
ho«-  enotmoti^kty  the  nastc  heat  diminishes  as  the  nirrcnl  if 
teduivd,  the  waste  heat  in  the  firs.!  cast:  cited  \«:m^  i< 
million   timch   that   in    the   laAt.     In   actual   iwaciicc 
dilTeicnee  would   not    he  quite  so  enormous,   though 
would  still  be  vay  great,  for  no  one  vrould  use  the  mi: 
condiKiors  for  a  current  of  10.000  amperes  as  (or  a  curitin^ 
of  one  ampere.      Smaller  conductors  would  certainly 
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W 

^■tecd  in  (he  laiicf  cam.-,  nnd  ihCNC.  !>)-  thfit  )iiftti«r  resistance, 
|Hwuuld  somewhat  incrcaw  \\tv  wA-tte  hcAt.  In  Taa,  oncor 
the  oh)ectii  of  using  Ute  unall  current  is  to  enable  us  to 
save  hoivjr  cxjwnM  in  IIk  conductors,  and  ilioc/ore  to 
employ  cunductors  of  higher  rostvuiK  l*.  \\'ith  ihc  Urge 
figurcH  diM:IoM;d  by  iIm:  ubie  it  ia  i|uitt;  obvious  llmi  this 
object  csn  ix  ea-slly  attained. 

Since  Ihc  diminution  of  the  cuneni  has,  then,  Kuch  « 

great  frtwt  upon  the  i-ncrgy  wasted  in  the  conductor*,  what 

1      i»  to  (ircttni  us  ivdui  ing  it  still  further,  atvi  far  iKjrond  the 

^■piniits  given  tn  ttie  table  ?    The-  thirtl  t^>lumn  supplies  an 

^^answer  tu  this  question.     With  iJie  fall  of  the  current  there 

uiusi  be  a  ctwrc^ponding  rise  in  tlic  voluigc-     This  rise,  if 

carricfl  to  cxtu-ines,  iittroduten  new  dittii  ultics.     Kli-clrirally 

the  chief  (liffiiAilty  i*  that  of  adciiualti  imuUttioii.     It  \i 

k  obviously  one  of  the  conditions  tliat  the  whole  of  the 
ciincnt  that  is  sent  out  riom  the  generating  end  of  the  line 
should  reach  the  distant  end  where  it  is  to  )>C  uiiliiied. 
Any  portion  of  the  current  which,  oirtng  to  itaittgt,  linds  its 
way  back  to  the  generating  source  from  any  nearer  i>oint  or 
points  represents  so  much  energy  n-a.itc-<l,  juxt  as  the  heat 
generated  in  the  conductors  rcptesems  wasted  energy. 
Now  tile  diRiciilty  of  cHirienily  insulating  the  condiKtors 
increases  very  rapidly  with  a  rise  of  voltage,  and  al  very 
high  v-oltagcs  it  is  doubtful  vrhetlier  any  suitable  ninterial 
exists  which  will  stand  the  enormous  stresses  and  strains  to 
which  it  must  be  itubjccied.  At  any  rate,  the  eoii  of  efficient 
iiiMilatton  fur  high  voltages  is  a  factor  whose  imixiiiancc 
itu?icaies  much  more  niptdly  than  the  voltage  when  we  have 
passed  a  certain  point.  I'rjKtii-e  b;iii  by  no  mcnni.  siiid  its 
last  word  as  to  where  this  point  is,  Iwit  up  to  the  present  a 
pressure  of  30,000  volts'  is  the  greatest  thai  has  been 
employed  for  actual  heavy  work.  Moreover,  it  must  be 
'  111  Xhr  LaM^-f-'rani/oii  TramtiiiUM  >i  ibe  Fraaktotl  EihilHlioa 
a(  1S91. 
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remembered  thai  the  voltagen  given  in  Table  IX. 
voltages  a/  tie  diUnnt  end,  ani)  an:  represented  by  e  in 
equation  (2).     The  voltage  of  the  gcncialing  end,  E,  1;^ 
necessarily  still  greater,  for  there  must  be  some  voitt  htt 
the  line- 
But  there  arc  still  Other  contideralions  to  be  borne 
mind.     Conductors  at  hi^jli  poienliuls  arc  physiologically 
dangerous,  especially  if  ihu  high  potential  is  being  mainiaincd 
t)y  a  machine  nilh  a  vast  rcscr^-e  of  energy,  such  as  a  large 
Mvani   fogine.      Of  course,  they  arc  only  physiologically 
da»t;eniu!t  when,  by  any  means,  llie  living  twdy  U  l>[uu};ht 
into  condu<^ling  cuminunicatinn  with  then),  and  then 
results  may  be  dis^istrous,  more   particularly  if  the   higl 
potential  be  an  alternating  one.     The  effect  in  various  tan 
we  cannot  ht'r«  disctis!).     l-or  our  iirt-scnt  purpose  it  will  be 
sufficient  to  point  out  that  the  subject  is  so  important  that 
the  Board  of  Trade,  using  the  powers  conferred  u|)on 
by  Parliament,    h.is   issued    byc-Iitivs   tinder   which   pubtii 
su|i[>ly  i-onipaniei  are  forbi<ldeti    to   place  at  tlie  d)S| 
of  the  ordinary  consumer  a  P.D.  greater  than  300  volts. 

Here,  then,  is  a  dilemma.     On   the  one  hand,  long- 
distance transmission    can   only    be  ecaiiomi rally    accom 
plished  .It  high  pressures ;  and,  on  the  other,  only  a  com' 
jiaraiively  low  pressure  i.t  allowed  to  be  handled  by  th< 
consumer.       How    can    these   conflicting    conditions 
harmonised  ?     Fortunately,   there    h.ivc    liecn    developed 
pieces    of  apparatus,   both  for  continuous  and  fluciuatiiig 
current  ^steins,  by  whi<'h  the  voltage  can  be  economical^ 
Intns/ortntJ  from  high  to  low,  or  t>kt  vtrs.i,  at  or  near 
the  point  at  which  the  poucr  is  rc'^uired.    Such  pieces 
apparatus  are  most  appropri.itely  knoi^n  a«  transformers; 
tbcy  will  be  described  fully  in    the  next    section    ol    iht 
chapter. 

Wc  may  now  divide  the  various  systems  for  the  cicctrii 
transmission  of  poner,   dnt  of  all,   into  lour-presiNre 
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AixA-/>rftiurt  §y^tenis,  Frwn  what  «c  have  iilririvdy  «ii!, 
il  nill  be  oln'iouti  that  ilic  roni)i.t  is  only  ivsibbtc  in  cases 
where  ihe  c-onsuincT  is  Hose  to  the  toiiri-v  of  energy  iitiUBcd, 
whcie.ift  thf  Ulter  imi*t  nlwny*  l>e  fm[ili)ycil  wtniiw  a  roti- 
siijerahlv  iliMan<t  inivtvcncs.  |j)iv  iimmirv  KyUeni«  cm- 
<\oy  voannuoua  eurrcnta  ex<'lii&ivel)',  and  ti^iially  (-onibine 
Sc«:ofi<laTybaltciics  urith  the  dymmos.  High-|>rcssiirc  syslctns 
may  iite  eiihrr  •'ontiniiotis  or  llui-iiuiing  'urrcniK,  though 
thu  bttcT  only  .-iie  ii»ed  where  t)i<.-  hi)thc»t  ]»e»sure«  ut 
employed-  Am  wc  have  uxa,  suitable  traitsrormers  arc  a 
ncccsKiry  gurt  of  any  high-[»rcs$ufe  system  fot  public  suitply. 
We  may  exhibit  the  t-vioiu  syxtcnu  in  a  <'anvcnivnl  form 
ihuB  :— 


Tani.k  X.— Svstkhs  von  t»k  lit.icrKie  TiiAKsMtuioif  op 

I't^WtK. 

(A).  bow-Pr*MUj«  C«nttBU«ii*  CnrrMU. 

I.   Simple  pirjllel. 

a.  Tlu««-«tre  oc  fi»e-*ire. 

(B>-  High-Pramuw. 

I,   C-'ifialuui  Cufreatl, 

(L)    Simjile  It  B:iulll|ile%«(ictwith"atlnMrotiiiBn. 
(ii.)  Simple  stria  or  odwork  iriih  tianiforntn. 

(o)  SrcuoduT  batleiy  tTAniTaiincn. 

{tj  Uotai'4yeamo  inmromieci. 

(0  CombioAiiont  of  (« )  and  {_ty. 

3.  jtiUnmtt  Cu'rfnii. 

(i.)  Simple ocmalliplcMriMvtlboultnuMfariRcn. 
(H.)  Simple   ptrtlM  or  nctHOik   u-iih  alknotc* 

ciirreni  ttaiufismim. 
(fil.)  5inpt«  psralld  will)  Iranifotmcr  tub>stitllont 

Mpplylag  low-incuuK  nrlitoil:. 
3.  Ptit/ftMt  Alliraati  Currtitli. 

(i.)  ThrM-wire  tnutsmiaioii  with  ifuuroimcn. 


This  list,  though  far  from  exhausting  tU  die  s)-iivtns 


«SK 


Tiis  Ei.ecritK  Ci'it«s/fr. 


which  an;  iheoKiicallx  (HHUtilile,  iii(:hid(.-!t  iiiuitt  o(  thoae 
have  hilhcilu  been  adopted  un  ;iny  large  scale  in  praciicc. 
W'k  shnll  noH-   bticHy   opbtn  ihc   chief  details  of  ihcK 

Lowpreuore  Syatema-     rh<-  in-aiiiahiy  of  these 

systems  is  that  tlicy  iiiu  vi:]\  adapted  fur  the  diiirilmtion  of 
electric  power  to  a  bri;c  iiuiiibcr  of  iodividtial  ronstimcrs 
placctl  <'kve  to  oi)e  .inollier  in  an  ntcn,  no  imrl  of  which  in 

at    a.    great    distani 
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+  -«1 
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from    the    source 
supply. 

The  simp/t  jmrak 
Ul  tyHtetn  of  distti 
btition  has  already 
been  diagiaiainaliutlly 
illusiiated  and  ex- 
plained at  Fig.  1581^1 
(Kige  388.  The  meiho^^ 
iif  oonnectinj;  various 
consumers  i»  /■ara/M 
to  public  supplf  mair 
is  ab()  shown  dia 
Krainmatically  in  Fis 
J54.  where  A  ami 
rcfresenl  ihe  |iositive 
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(■I-)  and  negative  (  — )  mains  as  laid  down  in  the  street,  and 
(he  houses  of  the  successive  consunms  arc  each  supplied 
with  two  wires,  one  (  +  )  joined  to  A,  and  thcothcrf— ) 
B.      Inside  the  house   the    bmjis  and    oilier   devices   fo 
Utilising  the  electric  energy  ate  strung  across  these  Iw^ 
wires  or  wires  connected  with  them  as  shown. 

In  the  ihrtt-wiit  system,  as  its   name   implies,   Ihr 
conducting  main*  are  wscd  instead  of  two.     Of  these  one  1 
the  positive,  and  another  the  negative,  eonductot ;  whilst 
third  is  at  an  intermediate  jjolcniial,  half-way  between  Ih 
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I  Tirst  two.  Eatrh  consumer  is  joined  lo  this  internicdbte 
witi-  nnd  one  oi  iHc  olliei  iwo.  The  n>ctlind  of  rnnncrlion 
is  liia^ratnnulic^tly  dcjii'tcd  in  Mg.  jj;.  Here  A  i*  ihe 
IKjiiiiii-  (  +  ),  and  C  ihc  nc}p«tiv«  (  — )  conductof,  whjKi  B 
is  the  third  wire,  intenitediaic  in  potential  between  A  and 
C.  For  instance,  if  the  jiuiential  difference  bctvreeii  A  an<l 
C  \*  300  volts  ll"^!  between  A  and  B,  or  between  B  and  C, 
is  100  volu.  An  examination  of  the  diagram  vdll  show  that 
consumers   are 

jjoinvd  to  A  and 
1),  or  B  and  C, 
but  titai  no  <-on- 
suincr  fs  joined  lo 
A  mill  C. 

The  two-  and 
three- wire  ronticr- 
Tions  thai  we  hnve 
bt-en  describing  arc 
those  of  the  con- 
suinent  lo  what  arc 
Icnowii  3&  the  div 
tribiiting  innins,  01 

iinore  shortl)'  the 
diilributort.  'Ilicsc 
mains    niay,    and 

Usually  do,  form  a  network,  covefios  the  whole  diStict  lo 
which  clcclrie  po«'er  is  b«ing  Mippliod.  They  are  niainuincd 

rat  a  constant  potential  difTerencc  by  another  »et  of  maim, 
which  are  iwiully  n-fened  lo  as  the  fetderi,  ami  wiiidi  bring 
the  current  from  the  central  or  (tencratittg  station,  to 
selected  points  on  ihcm. 

The  ronnortiiins  between  the  central  station,  the  feeders, 

nd  the  dislrilrtitom  are  diagramm.«ii^illy  ihown  in  Fig.  336. 

Here  A  and  B  rci>rcscni  the  positive  and  nci^jlive  p"!ir*,  n» 

:  may  call  tbciu,  of  the  ccniral  station,     l-'rom  these,  [lairs 

Qi}  3 


n(.  Bj.— T»f«-»(«  OlKfttinon. 
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of  conductors,  i^prcBcnled  l>y-  tMf/t  lines,  are  led  away 
selected  |X>inU  <f.  t,  e,  and  d,  of  tin:  mtwork  of  ctiMributc 
which  is  reiiivsentfd  by  ilie jf«<-  tine*.    Wherever  iw.>  of  i 
fine  lines  lun  parallel  Hnd  close  logelhcr  in  (lie  nctwurfc.  it  will 
lie  found  that  one  of  ihcni  is  in  conducting  communication 


Fit.  ]|&  -  Pvcdei*  *Ml  Dulnlmtvn. 

With  A,  and  the  other  with  B.  The  duty  of  the  ccnirat 
station  is  to  keep  Ihe  potential  dilTerence  constant  at  everj^ 
point  of  the  network,  and  the  points  a,  b,  (,  and  d  aic  to 
ao  selected  that,  by  keeping  the  pressure  at  thcni  constant 
the  variations  at  the  inu^i  disiiuii  puns  of  ilic  network  wij 
be  within  certain  small  pcrccnta((e  limits. 
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n  Kig.  336  ihc  distri'biilor*,  rciircsontcd  hy  lh«  fine 
lines,  are  shown  ox  cotisisiin);  of  two  MireH  only:  Init  the 
dislribultng  network  may  be  a  three-wire  sj-stcm.  the  feeders 
in  that  oisc  being  connected  to  ihc  mains,  A  and  C,  of  Ki^. 
335.  The  advantiigc  of  ming  tho  three  wire*  in  the 
disiritiucors  is  ihai  the  jireMtin-  l)Ciiit;en  the  fcedcrx  is 
thereby  doubled,  and  for  the  same  amount  of  power  &up[iticd 
only  half  the  (Uircnt  flows  through  Ihc  feeders.  The  oon- 
!iei|ueDt-e  fs  thai  the  feeders  may  eilher  he  made  of  smaller 
cruss-iecliofl  and  wi!iKhi,  or  if  thi:y  arc  kejit  of  the  same 
resistance  only  onc-foiirih  of  the  hc<it-cncrgy  is  wasted  in 
thcni.  The  »me  remark  at»[>hes  to  the  dii^ttibuton,  for  the 
outaide  mains,  A  and  C  (Fig.  335).  em  hi;  made  of  less 
cross  section,  having  to  carry  only  half  llic  nirrent.  "ITiis 
saving,  however,  is  jMrtly  < ■^nlIHeTUlUnccd  l»y  the  neressity 
for  laying  the  third  wire,  B  (Pig.  335).  On  the  w1)ole,  the 
three-wire  system  leails  to  a  subuantial  living,  both  in  the 
hi-si  cost  of  tlie  feeders  and  distributors,  and  also  in  the 
energy  dissipated  as  heat  in  the  conduciots. 

lliv  fipttvirt  system  is  an  extension  of  the  three-wire 
one.  In  it  the  disiribulora  <;onsii«t  of  a  network  of  five 
wires,  two  of  whit  h  are  maintained  at  a  lonstani  )>oienlia[ 
difference  by  the  feeders,  and  the  remaining  three  arc  at 
intermedialc  jxitcnliaU.  'Hie  connections  of  an  actual 
systum  of  this  kind,  as  used  in  Paris,  arc  shown  in  Fig.  337, 
where  O  is  the  position  of  the  central  station,  from  which 
pairs  of  feeders  arc  letl  to  the  points  M,  N,  I',  (^,  and  R  ofa 
the  disiribuiing  netwoik.  This  network  consists  of  tlie  *eriea^ 
of  five  pdtnUlct  lines,  forming  the  Rgurc  A,  B,  C,  D,  E,  with 
cross  connection's  It  K  and  B  I>.  The  feeders  maintain  the 
outer  wires  at  a  poiential  diffeieiu^e  of  440  >-oIti,  and  the 
regiiU(in>[  arrangements  are  such  that  the  pressure  between 
any  pair  of  contiguous  wires  is  onc-quarief  of  this,  nantety, 
1 10  Tolts.  The  regulating  devices  consist  oi  secondary 
batteries,  shown  at/,  and  a  sp«<:ial  fonn  of  motor- dynanvo, 
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motor-dynamo  at  g  will  be  explaiDed  in  the  next  section. 
The  little  chcles  on  the  aide  lines  at  it,  fi,  e,  mA  d  represent 
I  to-vull  glow  UnifiK  fin  <-nnMimer?i*  iHcintKt'K,  whikl  at  n  A 
jiO'Vott  motor  bridjtes  two  sctiions  of  tlie  sjsiem,  and  at  m 
a  440'VnU  motor  is  joined  to  the  extreme  conductors. 
Ijixtly.  at  h  eight  an-  lam|»  In  serk-K  rtc  &)iown  as  taking 
the  r(.t|iiisiie  nirreni  at  4.10  v^ilu  froni  the  tun  uiteinal 
i-ondiiciors. 

The  advantage  of  the  five-wire  sjrstcm  is  that  it  leads  to 
a  slill  greater  saving  of  eo|n>er  a?  con>parcd  with  the  three- 
win-  system,  whilst  lit  great  dtMdvanisge  is  the  (tjfticully  of 
cflii  ieiitly  re);iilating  the  |K)tentLil  <>f  the  three  tiiiermediaic 
wtrci  Bfith  iltc  three-  and  five-wire  8)'«tcnis  arc,  as  com- 
pared with  the  nnipk--par»llel  sjsletn.  Mcps  in  Ihi:  dtrvclion 
of  high-prc»urc  distribution,  and.  for  llic  reasons  already 
given,  render  possible  the  ccoiiomicjit  transmission  of  the 
fU-c-tric  iHJwfcr  In  still  itrtiiicr  diM.inrcs  from  the  central 
still  i<  in. 

Hiffh-preMttre  Syatems.— In  Table  X.  ihe  first  two 
main  diN'iyioiis  of  these  systems  distinguish  between  con- 
tinuous and  alternate  curreniK ;  but  the  first  subdivision  \v 
each  uf  lliese  is  (he  xaine,  namely  "niin|ile,  or  multiple 
series,  witlwui  iransfoimcra.'  We  may  dierefore  take  these 
t<^ether. 

TIk-  timfJe-itrifj  syHiem  of  arranging  eonduflon,  which 
has  been  alica^ly  vxpliiined  at  )iage  287,  is  confined  almont 
exclusively  to  the  arc-lighting  of  streets  and  large  public 
places,  such  as  railway  stations,  markets,  ck-.  The  lai)i|is, 
whidi  utilise  the  |»owcr,  arc  Mnmg  one  alter  ihc  other  on 
the  mains,  .md  hase  autoiualii'  devictN  lor  xhiiming  the 
current  |>ast,  if  by  any  accident  the  lamp  ceases  to  burn, 

Tbe  muUiplt-ttfifi  system  is  suiiabk-.  and  is  used  chiefly 

for  running  groups  of  glow  lamps  in  series  with  arc  bn)j», 

Lnixl  i»,  therefore,  u^cfiil  tor  Uxhttnj^  uio-l.-k,  railway  :(tat)ons, 

br^e  stiojis  and  puMic  enclosures,     there  arc  many  ixusible 
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airangcnicnts.  For  instance,  s  current  iimintained  always 
coiiMADl  iil.sa)-,  to  amperes  can  be  supplied  to  a  long  circail 
in  which  a  ntimhec  of  arc  lamps  nic-  in-tericd  in  sciies.  But 
if  glow  hmp§  ate  requireil  at  any  poitil,  eight  of  these, 
connected  in  parallel,  c;tn  l>;  in'icrtei]  lo  replace  a  single  arc 
niid  distributed  as  rcquinEd.  Should  one  of  the  glow*  tamps 
in  Any  group  of  ei;{ht  hrejlc,  the  remaiiting  seven  would 
have  lo  take  the  vfholc  ciirrcni,  nhich  would  piolwlily 
soon  destroy  ihcm.  To  prevent  this  an  equivalent  wire 
reaUunce  \»  put  at  the  top  of  each  lamp,  which  is  auto- 
matically switi^ed  into  circuit  if  the  latnii  breaks,  and  thus 
Ijikes  the  ctiirent  until  siirh  time  as  the  lamp  is  replaced. 
Other  devices,  which  we  need  not  here  describe,  are  alto 
used  for  the  same  pur|)ose. 

Can/iniiOHt-tatrent  lystems. — Passing  now  to  tllL-  purely 
continuoiis-cuirent  systems,  the  second  subdivision  of  Table 
X.  5;)edfies  a  "timple  series  or  network  with  irana* 
fonacrs,"  The  transformers  proper  to  a  coniinuous-currcnt 
e)-slcm  arc  further  referred  to  as  cither "  secondary  batteries* 
or  "motor  dynamos."  Tin;  first  of  these  has  already  been 
fully  described  at  [)a^es  77  to  86,  and  the  inotor-dynamoa 
will  be  described  m  the  next  section  of  ibis  chapter.  W« 
arc  here  concerned  rnthct  with  the  inclhods  of  using  tliese. 
Tlic  general  way  of  i^irrying  out  the  principles  involved  will 
be  hirit  utidcrvlutnl  from  the  description  of  a  paiticulor 
a|>plicalion.  I'or  ibis  purpose  we  select  the  system  used 
by  the  Chelsea  Electricity  Supply  Company,  which  is  shown 
diagram  mat  ira  I  ly  in  I'ig.  338.  In  this  diagram,  the  three 
dynamos,  L)  I)  1>,  connected  in  scries,  supply  nirrcnt  to 
the  mains,  mm,  at  a  pressure  nt  500  volts,  llieie  three 
dynamuti  may,  of  cour:>e,  be  replaced  by  a  sinf;le  dynamo 
generating  a  ciirrcni  ai  this  pressure,  but  when  not  used  for 
the  purpose  here  described,  these  parliailar  dynamo*  can 
be  employed,  in  pandlel,  to  feed  an  ordinary  loW'preuurc 
network  of  distributors.     The  lukticry  and  motor  d>naino 
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room  may  be  at  uane  tlbtancc  from  the  <:enlnil  sutlion, 
and  is  in  the  «.'cnire  o(  the  iJisini:t  to  be  siiji|)!ic().    The 


secondary  ktUery  comwts  od*  two  halvrs,  A  and  B,  each 
^bdividcd  into  four  aeclions  confuting  of  34  cdU  CAch ; 
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of  thtw  «e(-tionit,  only  six,  three  for  rath  ha\(,  ate  af 
the  fiyuri;.  'ITw  general  kleji  is  I"  cJiamu  only  onc-hj 
ihc  battery  at  once,  and  to  a/avft  have  at  leaiit  ntt\ 
(lisdMrging  into  the  dtslribolii^  nt-lwork,  l.I.l.. 
iniyhl  Ik-  tithcr  a  iwo-wire  or  thrw-wirc  rteiwork,  btil  il 
caKC  U  a  two-wire  one.  In  the  figure,  the  lialflutliny 
Khoiri)  with  its  various  sections  joined  tip  in  scries 
connected  to  the  i-hnrging  mninis  m  m.  The  (.'Iher  hi 
ha^  iis  si^otiontt  ar[.-iri;(ed  in  |>arAl1eI  and  tntincctetl  ( 
di^lribiitors,  L  1. 1..  \\\\ki\  A  is  fully  chaigcd,  it  is  I 
niitomaiic-.tlly  diKix>nnec(cd  from  the  char^iiii^  main 
variouN  sections  [itil  in  juralle).  an<l  then  connecteil  I 
dtitrihutinf;  network. 

When  either  section,  A  or  II,  is  di^charBcd.  ii  ii 
Riatkally  taken  off  the  diUnbuiors,  joined  uji  in  >cri(m| 
]>laced  on  the  charj^inR  niain»,  m  m.  1'he  cells,  C  C  ( 
lUc  diwharging  half.  It,  arc  reversed  cells,  by  the  autor 
cutting  out  of  which  the  IM).  of  the  whole  section 
rerned  i>  kejit  at  loo  vuIIk. 

As  soon  OH  both  lei-tioiu  are  fully  L'h3r}:cd  and  |il 
on  the  disuihiitots,  the  enj^ines  can  be  stopiwd  and  the 
Icl[  to  do  Iheir  work.  But  during  the  hour^  uf  liea 
demand  the  toad  on  the  i-ells  exceeds  Iheir  rapacity : 
tliis  time  arrives,  llw  dynamo*  are  again  starledi  nni 
mains,  mm,  I'oiineited  lu  tlie  primary  drcuits  of  the 
dynamos,  K  E  R,  front  whose  M-condaiy  circuits,  an  wi 
presently  described,  currents  ni  a  pressure  of  loo  voltj 
fed  into  the  distributors  to  hi-I{>  the  battery.  1'hc  coin 
system  b,  titerefore,  an  example  of  subnection  (i 
Table  X. 

The  wljolc  of  the  rather  <-onintt'"iii( d  'Ilijiuis  t<fi 
\o  altorc  are  made  by  a  series 

inaiicaily  ailualed  by  lOiiie  i  ■  m.  ■ 

dt'vised  by  Mr.  F.  Kinj;-,  tt  i 
too  tet.hnl'.'al  in  jls  natur 
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Aittmatf-eHrrtiH  tjiUms.-~-ln  by  far  the  luost  imjiortant 

Ih'^h-i>ics3ure  tiai)sinis»ions  uf  power  allcTdate  currents  are 

luscd.     In  fart,  it  is  titcir  adaptability  lo  ihi^  work  iluil  lux 

1^(1  tQ  the  wry  rapid  development  of  (hdr  iip|i)i<:iitgn  in 

prai-tice,  for  wiih  tlMtn  very  mtu-h  ltif;ber  pressures  am  be 

iscd  llinn  have  yet  been  found  iHissibti;  with  <^uniinuDus 

|ciiirc-nts.  and  ilius  the  etonomy  due  lo   high   pn-tisiires 

eccintcs  more   pronounced.    This  is  mure  cttpcrially  Ihe 

Ft-'ii.^c  VI  here  the  source  of  energy  i.s  at  a  grvat  diitant^e  frum 

the  [i1ai%  where  it  b  desirable  ii>  utiltMi  it. 

Wc  have  ahcady  suRificnily  dcw'rilwd  ttie  first  meihtxl 
jf  Ahwnatc-Currcnt  l)igh-p«i-ssiirc  traiismiK^iot),  rrfera-il  !o 
Tiil>lc  X.     With  rrj;aid  to  llie  -itMrotKi  method,  whi<-h 
Cunt.iins  ihc  inosi  widely^used  H)-stGnis,  the  diai^cain  already 
given  in  Viji.  336,  of  feeders  and  distTiimtors,  niitttciemly  wi^ll 
dt'pii'iH  the  general  arraiigenKnl  uf  ttie  hi^h'presmre  part 
|of  the  system.     The  only  differcn^i:  is  that  ncitlier  A  nor 
can  now  be  called  the  positive  or  negative  leraiinal  of  ihe 
Nation,   since  each   is   alternately  {>osiiive  am)   neg.iti\'c. 
^niilher  difference  in  practice  will  be  that  ihc  uieltmd  of 
aying  and  iiHidatin|i  tlicdii^liihutit^  mains  and  feeden  will 
altogether  channcil.     IjisI,  but  not  kail,  tlie  lonsumers, 
Ijiistcad  of  being  directly  connected  to  the  distributors,  arc 
Icunneded    to   ihetn    thFOUgh   induction  coils  or  nitcrinte- 
current  Iran.ilonners.     The  primary  tenminals  of  the  indue- 
on  coils  are  perraanenily  joinc<)  to  the  mains,  and  covered 
ap  so  an  to  l>c  inaccessible  lo  the  co[i>^uiner,  who  is,  instead, 
supplied  with   two  wires  coming  from  the  seruMwIary  Icr- 
Diinals  of  the  coil.     A%  Ihe  electric  pre^iure  on  then:  wires 
Kldom  exceeds  100  tolls,  and  sontctimi:}  is  onl)  50,  tticy 
in  be  handled  with  coin|<araiii  e  »fety. 

It  will  lie  niUiicd  th-it  whether  the  consiimer  is  using 

ner^y  or   not,  tht:  piimary  cin:uit   Oif  hi^  tranxfunncr    is 

[Iray*  connected  up  (o  die  mains,  and,  therefore,  some 

Tcnt  must  always  t»e  passing  through  it.     Thb  leads  to 
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a  wasie  of  energy  which  may  become  serious  vrhcn  conttiwicd 
throughout  the  twenty-four  hours  and  all  the  year  round. 
To  meet  this  OifRculty.  the  next  system  labMlnled  lias  been 
dcvisi-d,  and  is  bc-coming  wtdvly  uitrd. 

In  the  last  altcruatc-i^^urrent  melhod  referred  to  in  the 
t.ihk-,  the  trnnsfoimers,  instead  of  being  placed  on  the 
("onMimcr's  premises,  arc  plarcd  in  a  ?(iib-ttaiion  in  the 
centre  of  a  small  diittrict,  throughout  vfhich  lon-iwessine 
distributors  arc  Uid. 

In  this  sub4td(ion  the  trsnsformcrs  arc  "banked,"  as  it 
is  CJilled — that  is,  there  arc  several  Iransfomirts  with  thcii 
priniaii«s  and  secondaries  in  parallel.  As  the  iuad  on  the 
secondaries  increases,  more  transformers  are  switched  into 
circuit,  and  the  idea  ia  to  work  cvcr>'  one  in  circuit  as 
ni.-arly  as  |>os«ih1i-  at  full  load,  thst  is,  undi'i  thcr  conditions 
of  grtatiMrt  L-diiriemy.  The  regulation  of  these  "banked" 
Ifansformcra  at  first  proved  somewhat  troublesome,  but  the 
difficulties  arc  now  Iwing  o«-rcomc. 

A  uTii'juc  method  is  used  by  the  I^ndun  Electricity 
Supply  Corjio'iHion.  At  the  large  station  at  Dcptford  an 
alternate  current  is  delivered  to  the  transmitting  mains  ai 
a  prenturt^  of  10,000  volts.  This  highprL-xsurc  I'lirretit  it 
takfi)  to  various  suhsutiuns  at  Charing  Cross  and  other 
convenient  plact^  in  Ijiiidon,  where  it  ia  Imnsformcd  down 
to  larger  currents  at  a  pressure  of  3,400  volts.  'Ilicsc 
cumrnts  are  fed  into  high-pri-ssure  mains  in  lh<:  immetlbte 
neigh bourhood  of  tht^  sub-station.  The  totisumers  are 
1-onnected  to  iIrsl-  mains  in  the  way  alfL-ady  described, 
through  traiuformers,  which  »till  further  reduce  the  pressure 
10  100  volts.  III  this  way,  some  of  the  enrrgy  is  finally 
oted  at  a  distance  of  9J  miles  from  the  enjttnea  and 
dynamos  at  Deplford. 

Polyphase  TranimisaiotL — The  remarks  we  hare 
already  mndi-  (s^v  ]>flg<-s  45ii  10  46a)  on  polyiJiase  altcmate- 
currenti  leave  us  little  to  say  on  thi>  subject,  Ibr  we  i^ropose 
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iIi-jI  with  ihc  motors  separately.  In  tiK-  l-'mnkion  cx- 
pcrimeni*  th<!  iransmittinK  wires  wt-rc  ordinary-  t-yi>p<!r 
'lL'lcgra|ih  wins,  0-158  inch  in  dbmcdT,  rArrit-d  in  ihe  UMial 
way  on  jioliu  with  oil  insulators.  Tlitrt  irett-,  sintf  thitv- 
phutk:  i-iitrenis  nifc  usvd,  thiLt:  uitcs  instead  of  tiro,  and 

I  Willi   ihi-K-  ihin   vfirr»  .is  miK'h  a*  81    hoiw-- power   was 
Iran^intttcd   a  diiitiinoe   at  iioniilL's,   ilio   prcswa-n  uhc<1 
being  soiDi^irocii  as  higli  as  30,000  volts. 
of 


Mains  and  Conouctobs, 
In  the  forL-going  wt  ha?v  simply  explained,  with  the  aid 


diii)(r3inma(ic  ligurcs  only,  wmv  of  tlio  chief  systi-ms  al 

present  in  usu  foi  tllf  ili-ilri*-  transinis»ii)n  of  |Xiwt.-r.     Wv 

have  puiposcly  absiaini-<l  ttom  formulating  or    discussing 

y  rules  for  ca1c:u)ating  the  jiropt^r  sIa;  of  conduirtOT  to  be 

SL-d  in  any  givt-n  ciisc,  ur  from  rderring  to  the  many  ileiails 

cunnciJlcd  with  the  laying  and  int^ulaiing  of  the  conductors. 

The  various  syTrtcms  that  have  been  invented  for  the 

Iter  purpose  arc    very  nunierous,  and   ait  attcnipt   even 

classify  them  would  l)c  wearisome  10  our  rvadeis.     Still, 

iC  brief  reference;  may  be  interesting,  and  wc  therefore 

1  for  description  two  as  far  apart  as  possible,  one  for 

low-  and  the  other  for  hi((h.]>TC*surc  mains. 

It  should  perhaps  be  ptemised  that,  except  in  one  or 

;wo  cases  where  vcrj'  high  pressures  arc  used,  the  electric 

ftransmiwionofnnyconsiderablcamowntofpowerrcfinircssuclt 

,bcavy  conductors  that  it  is  3Imo^<,t  im|><j»ible  10  nteehunicully 

rry  ihcm  on  potcs  tilce  telegraph  wires.     Also,  since  such 

poles  and  condiKlois  in  the  main  streets  of  a  town  arc  very 

k unsightly,  they  fretjucntly  ate  tal>ooed,  cwn  where  they  arc 
possible  from  an  en^ineerir^  pCKnt  of  view.  'Ilie  two 
lystetnt  desitibcd  ate,  therefore,  both  underground  systems. 
As  a  good  cxampk*  of  a  system  nf  low-|)re)«iire  mains 
for  a  three-wire  di:(iribuiion,  we  telect  that  used  by  tlte 
$1.  James's  and  Pall  Mall  Elecute  Light  Company.     Here 
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itic  mains  aic  laid  hi  iion  culverts  or  ilic  shape  shown  in 
Kijis.  339  iind  340.  The  cuKvn  is  made  in  lengths  of  Uirec 
feel  %ix  inches  luid  <:onsiiU  of  [wo  jUri.s,  th«  luwcr  one 
licing  a  kind  uf  irotigh,  and  Ihe  upper  une  a  lid  or  cover. 
'Ilie  former  is  Ici)  indies  wide  and  six  indies  dcc|>.     At 

intcn.ilK,  ^la/ed  eaith- 
i-iiwatu  iiuubtors,  to 
support  the  conductors, 
arc  I  Aid  in  the  trough, 
and  on  ihe^ii;  the  thrcr 
sets  of  conductor  rebi 
without  any  insulating 
iMjvcring  'I'hc  conduc- 
tors l-l^^^itt  of  thin 
coiiiper  strips  set  on 
edge,  each  strip  being  a  inches  wjdi:  and  01  in<:h  thick.  A 
suHicicnt  number  of  strips  are  used  to  carry  the  current 
to  be  transmitted,  and  it  will  be  noticed  Ih.il  the  central 
conductoi  contains  fi-ner  strip*  than  the  outer  ones. 

As  the  conduaors  are  bare,  it  is  very  essential  that  the 
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culvert  should  be  kepi  quite  free  from  moisture.  To 
ensuto  this,  the  cover  is  liinily  l>Dlted  on  to  ihc  lower 
Irtiugh.  and  all  joints  made  watcr-tighL  Moriwver, 
junction- boxes  or  manholes,  which  arc  also  required 
for  testing  and  other  purposes,  an:  placed  at  intcn'als,  and 
the  culverts  arc  sloped  towards  them,  so  that  any  water 
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thai  might  colhrrl,  dniinx  tnio  the  neiireu  jum-tion  box. 
Thcu  Iwxes  luv  Imili  of  Inkle  aixl  tmi.-d  with  ccmciit,  and 
the  riilvon  |ir(>jr<:i«  inio  ihem  at  sotne  lililc  disuncc  fiom 
the  botloi)).  'lltcy  arc  usually  c-onn«itv<l  to  die  ncarvsi 
dnin.  Ordinary  co|if)cr  iMc,  insulated  wilh  vukants«r) 
nililwr,  i%  liscd  to  lonitcct  the  ronsumcrs  on  dtllL-r  Kiili' 
to  the  mains.  Il  is  Uiil  in  gi>v|>t|>ing  ti>  irtnlc«t  it  frtxn 
mechaniial  injury. 

'Hr'  oilier  exnmple  <rf  iindergruiind  naxn  is  that  used  by 
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B^K  London  Electric  Supply  Coiporntion  Tor  the  hifh- 
pressure  (10,000  volts)  alternati-  current  from  the  l>ei>tford 
stotioD.  A  fullnxe  crofvitettioii  of  this  cable,  as  deigned 
by  Mt.  l-'erranti,  b  rcivescnted  in  Mg.  341.  The  (wo 
conductors  are  concentric  cylinders,  one  inside-  Ihr  other. 
Tbc  inner  condoctor  is  a  holkivr  irjlinder  [  indi  thick,  and 
with  an  outer  dbmeter  of  1 1  inch.  'I'his  is  oveiwound  with 
y<it  after  layer  of  brown  paper  soaked  in  black  mineral 
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wax  OT  or^kerit,  which  when  c:irufutly  |irc|>(irctl  is  roUDCl  lo| 
have  hij^h  insuhlinj;  iiropcriks.  The  right  Oiirknecs  of  in- 
Biiiating  macerial  hnviog  bcun  wounrl  on,  the  ouier  cylindiic 
londticcor  is  slipped  over  it  and  ihc  whole  drawn  thiough  a 
taper  die,  which  i  ompn.-<.scs  ihc  londui-tor  lirnilyand  lighlljr 
on  ihe  brown  paper.  W'hi-n  t'ini.shed,  this  niUer  condiKtor 
is  ^]  inch  ittick,  and  litis  an  outer  diameter  of  ilJindi. 
Anolher  1  inch  of  waxed  pa]H:r  U  wound  on  outside  the 
''Copper  tit  be,  and  then  a  Ihin  wrought  i  run  lube  is  slipped 
over  this,  and  the  iniersparu  filled  with  nieliMl  w.ix. 

The  compound  conductor  is  made  in  lengths  of  20  feet. 
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which  arc  artervr.irds  rarcrully  joined  and  laid  on  wooden 
bearers  in  wowicn  tnmgh.i,  which  art-  then  filled  with  piich 
and  covered  over.  At  intervals  lest  boxes  are  placed,  by 
1  means  of  which  convcnicni  lengths  of  the  main  ran  be 
'isolated  for  testing  purposes.  One  of  these  is  shown,  in 
section,  in  I-'ig.  341.  The  mains  enter  ihe  box  from  cadi 
side  through  xiufting  boxe.s,  D  D.  The  inner  conductors 
project  tieyond  ihe  insiilaiion,  which  in  the  linure  is  indi- 
taied  by  dark  shading.  They  arc  ihi-n  connected  by  crank 
pins  and  the  bolt  A.  A  much  longer  and  nell-insulaii.-d 
clamp  connecU  the  outer  conductors.     Whvn  not  being 
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iiscd  for  K-siiii);  ixirjHiscs  thv  Ii0!i   is  ixjvi'rri]  u\i  icilli  n 

Ili^hlly-rming  cuwcr,  ;\in\,  jmiuiivd  full  of  lidavy  rusiii  oil, 
which  ittcll  is  a  g/jod  insuUlor. 
TpanefOrmers. 
In  llie  (iKix-dint;  MXtioii  uc  liuvc  ^Iiuwii  Ihui  ihv 
vcoDotnica)  imisinis^ici'i  of  power  lo  a  distance  liy  iumd^ 
of  the  electric  cuircnt  is  only  poi^silitc  nlicn  i.'om|i.ii.) lively 
I  hijjh  |irc)i»um  arc  used,  ihe  ctt>iiomii:al  piv^iiics  being 
^p  mucit  beyond  the  liinit«  which  it  is  safe  for  the  ufiltnnry 
^^  i-omumer  In  einj>lo)'.  Wg  have  alu>  (wintetl  out  ttial  the 
high-picsf-urc  transmission  is  made  availalile  by  the  fact 
that  there  arc  mctliods  by  which,  u/  the  difhtnl  tnd  »f  Ike 
^^  Imtf  the  cncrjjy  <am  be  litim/ormtd  from  hi](h-[jrct>suic  to 
^B  low-iircBsurc  eleeUic  enei]^,  whith  latter  can  tlien  be 
"  5up|>lic(l  to  ihc  £Gni;ial  public     TbcBc  inctliods  involve 

I  the    um:    of    [tiecc-s   of  a|iji;i[;itii.s    wiiiih   arc    niu»l   aj>i>io* 
priately  lermcd  Transformers,  tiiou^ih  other  names  liavc 
been  proposed.      In  tiiis  wilion  wc  jiroiKisc  to  dcsuibe 
the  difTercDi  systems,  and   the  ajiparatiis  a|>pii>|>ri;i[e  to 
■each. 
l.et  us  6r»t,  however,  lor  j  moment  consider  the  ge:ieral 
litoUem.    Wc  lave  already  seen '  that  the  cncryy  expended 
in  .1  )iarl  of  a  liiruil  iroiivvyiit^  .t  curreiil  of  A  aiiipi-rci,  at 
I        a  IM).  of  V  vuh>,  for  t  acionds  is  expieMed  liy  [he  e<|iialion 

^B  Energy  in  joules-  =  A  »  V  x  t, 

^H  and  wc  have  more  than  once  poinled  oiii,  that,  (or  tite 

^^  Mine  total  amount  of  energy,  llic  value*  of  A.  V,  and  t  may 

be  varied  ihrouith  nide  limits.     The  objeet  uf  a  Iraiisloimer 

is  to  chanii'c  the  mines  of  these  quaniities  without  chanttinn 

the  toLiI   amount  of  cnei^y,  and   in   the  iiieally   pcit'cct 

I  transformer  the  change  would  therefoie  be  »o  made  that 

AxVxt  =  A'xVxt', 


'  Page  413,  Hif). 
RK 


'  Ontjatdt  =  07^  /i>w-/>. 
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where  the  symbols  «i>  ihi;  right-linix)  side  ipjitcsient  th' 
values  of  the  itiiiiniiticH  after  tMnsfoi iii.it wn.  It  tn. 
oni-c  Itc  said  thai  no  such  (iciftLt  iMRsfumMcr  cxiali 
lli;il,  in  |ir;iititt-,  iht:  v.-iluc  of  the  )>tuilii(t  im  1\k  rifiht 
side  (/,c,  ii/t<r  tumfoTitutioii)  is  always  k*s:>  than  iIm 
llic  Icl^'hand  side,  owing  lo  the  dissipation  of  vncrg 
cffciis  whith  may,  in  a  gencia)  way,  be  tc};.in]a 
riictionai. 

Taking,  then,  the  taU  L'c|uaiitm  as  rc|ifescntin;; 
|H.-rr<;clion  whic:h  it  is  the  ubjeii  of  all  lo  JtUiin.  wc 
eviuiiiiiu  in  dulail  ihc  vaiious  t|tunlitio  InirolvccL  Da 
fitst  wiih  the  liniui  t  aii<l  t',  wc  ni.iy  ri-iturk  ihal  itnlc* 
(r.insforiiier  lan  stfre  the  energy  (A  x  V  ^^  t)  a»  rtix-ivci 
it,  and  deliver  it  for  use  when  afiefwatds  tcquiieil,  1 
too  liyinbolx  must  cxjirv^  the  same  period  of  time, 
other  words,  if  there  is  no  Uaraf-e  of  energy,  il  ntii&t  I>c 
during  the  time  of  transformation.  The  only  pra( 
sy.tieoi  of  lra)i»fonnation  whicli  permits  the  Ntorn^c  of 
energy  is  Uui  whii^h  u$e»  Secondary  Batteries 
lTansfoinier&  In  this  sjsteni,  whrili.  it  is  obs'iuus, 
only  be  used  wtlti  itittlirimmi  tHrirnh,  tlie  ballerica 
3Maii};ed  lo  be  (hargcd  al  a  h^h  voltage  at  the  i 
convenient  late  .titd  tinie,  ami,  (hen,  being  re-arraiijied, 
be  disiihaiged  «t  a  lower  volta};e,  either  slowly,  or  at 
<le:sircd  rate  up  to  tin-  nuximum  bcyoTtd  »hirH  it  is 
adi'i>abU%  bec;iu!(e  of  the  r.i|>id  deleriotation  o4  the  p 
by  bucLIrog,  ele.,  to  take  energy  ftoni  tlKin. 

In  the  oihct  two  sysicitis  of  itansformaiion  that 
been  [iracticdly  n'orfct-d  out,  the  energy  is  dcliviicd  inb 
su]i|>ly  mains,  and  must  be  nlilised  as  it  »  ininafomied. 
these  systems,  thcu-fint.  t=t',  and  mn  )Jt.iliii!% 
reduces  to 

AxV  =  A'xV. 


Thew  sy»ictns,  thus,  only  |Knnit  ut 


^J«l 


^' 
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ijlh  r.D.  (V)  and  a  nnall  current  (A),  to  a  lower  [>.[). 

(V)  and  ( uirL-3))»m)iiiKly  liii^c  vunciil  (A);   the  |>I(h1ui1 

I  P.D.  b)f  tutrcitt  ill  the  wconil  case  bciny  iis  itearly  as 

isiblc.  but  nuvvi  utiun)  lu  (lit:  |irotltH:t  ol  ]'.]>.  I>)-  current 

ill  ilie  liiAt  Vise.     (X  these  systeiiiik  one  whirli  ciu|tk>y8 

iotor  Dynamos  as  transromicis   h  a|)|>li<  al)lc   to  fitti- 

U'ni/ifiis  iiiiif'ih,  wliilsl  the  olhi-r,  »lii<h  uses  induclwn  soih. 

Alternate  Oarront  Traosformers,  is,  as  iIk  bttvr 
naiiu.'  iin|>lic«,  only  ;i]i|>lt(:il>Iu  lo  allirtntlt  01  fiuitualiHg 
eurnnlf.  In  what  rollow.>i,  k  will  lie  must  run ven lent  to 
treat  i:x>ntuiiK>u&-  aiid  altcinate-cuirenl  transtonncr^  separ- 

■ly. 


OiWIINUOHSiUKMKST   TrANSFORMKHS. 

Secondary  Batteries-— In  the  lir^t  seetioii  of  the 

book  (pa^M  66  to  S<))  we  have  dcicribed  the  principles 

and  the  tonstiuuiioii  of  sciMindaty  liatterie^  and  it  i.i  there- 

fforc  only  net-cssary  to  refer  our  readers  to  wliat  wt  have 

there  said,  and  oiietially  to  the  dtscri|>lioi«s  of  "<.V-ntr.il 

Staliiiti    Cells,"    wliiih    aw    mwt    usettil    m  tr;«islormers 

cjtisc  of  tliuir  large  slurai^e  <-a|>a<-ily. 

The  niclbod   of    usin^   seiomlary    lialleiies   as    tians- 

men  has  al^o  been  d(.-MTih<.-d  {\agc  66g)  in  L-onnection 

itli  "Syslems  of  l^islrilmlion.''     It  wdl  be  notitcd  ihal  tlic 

nsential   |»oii)l  is  lo  ^k>ir^t  several  (-uiii|)k-tu   Uiilents  in 

im,  and  to  Jiuiargt  Ihem  in  pamlkl.    Tfiu*  iht-  high 

V(.ilinge  and  »niall  mtrcni  ul'  the  chaii^iii^;  mains  la  iranx- 

loriiic*!  tnlo  a  lower  voltage,  and,  if  rc'iuircd,  a  laryer  current 

tiitf  discharging  mains.     With  sctwidary  batteries,  how- 

vcr,  the  dischaigins  turrcnt  need  not  ne<  e^sarily  Im;  t;rcatcr 

ihan  the  iliarging  current,  but  nuy  !«:  continued  for  a 

ui-h  longer  time.      The  cKam|)le  already  given  is  sufficient 

X  our  pur|>»ie,  and  wc  theielore  |ass  on  to  consider  the 

Hind  ntetlwd  of  conlinuuns-^iurrent  iraiisfonnation. 

Motor   OynamoB.— 'llicsc  applbnu-a   for  the  Irans- 

V.V.    2 
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roitiiutioii  (if  itic  enerj^y  of  one  inirreiil  .1I  :i  i-«rLiin  voltage 
inUj  tlic  energy  of  atiotlii-T  »l  ;i  higher  or  lower  voliugc  are 
v.irioii!il)'  known  as  '"  Moiur  DynimiiTv,"  '•  Motor  (jvncrjlors," 
"  DyilOinotors,"  and  "  Conliiiuoai  Curn-m  'rrantformcrs." 
or  these  OitTerenl  naitics  we  ptefirr  ihu  (\nu  ihuuj^h  [tcrhaps 
llic  Eccond  is  best  from  a  siriiilyscifinifn:  jioim  of  view, 

'I'liC  general  ]Minci|»tc  tinderlying  the  action  of  the 
ni.ichiDes  is  a  uniple  oTie.  Ai  we  ^liow  un  |Uige  £1)6, 
an  ordiiiaiy  roniiiuiousitiircnt  dytiaiiui  is  a  rcvi-rsihte 
machine,  and  when  sii|)|)licd  W'ith  electric-current  energy, 
will  du  medianiciil  work,  Mich  :u  a  steam  or  .1  gnf  engine 
can  da  Wlien  ti^cd  in  this  way  it  is  known  sk  un  Mle4;(ric 
Motor,  or,  mure  briclly,  a  "  Motor."  Now,  it  is  (juite 
oliviotts  tliat  amongst  the  various  kinds  of  tvork  such  a 
motor  t'^i  do,  it  may  he  used  to  drive  a  dynamo,  and  so 
reproduce  electric -current  energy.  But  the  dynanio  >io 
driven  may  generate  a  current  at  a  very  different  voliiigi.'  to 
that  su|i|>lied  to  the  in<)l<)r,  and  theri-forc,  finally,  we  obtain 
a  ucw  imreul  at  a  different  voliaj^e  to  that  of  the  old 
current  with  which  we  starlcd. 

'Hw.-  general  l.iiv,  .dn-ady  L-\plain<.-il,  applies  to  this  cose 
also,  and  m  the  niuM  Uvouralile  tin  nmMnn<:o  we  might 
have 

A  X  V  =  A"  X  V'. 


ttiit  there  is  a  double  translbrmalion  mvolved,  first  front 
clectiif  to  inti-haniri;il  energy,  and  then  txiik  again  (o 
tlectric  energy,  and  therefore  we  nt-vei  gel  A'  x  V,  the 
wattf  after  imnNfoTmaiion,  eijual  to  AW,  the  watts  Iwfore 
tmnst'uniiatioi). 

Simplifications  in  tlie  jcencral  arrangement  of  the 
a]>paratn3  arc  obviously  |K>siibk'.  Ini>lead  of  driving  the 
dynamo  (rotn  the  motor  by  means  uf  a  belt,  the  two  sliafts 
nii};lit  be  placed  in  line  and  ■  (nipled  together,  only  in  this 
caM  they  inusi  both  be  deAigned  tu  run  at  the  same  ^[H'ed. 
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ronailion  of  llii;  ciiCTt^y  of  uiie  ctiircnl  M  .1  ccrLiin  %'glt 
iniu  the  <.'i)Cigy  of  anutlicr  nt  ;>  liiglivr  iir  kiwtrr  volugi.* 
viiTtMUKlyknuniins"  Motor  Djriiiiinox,"  "  MuUk  (.k'ncniio 
''  Ih'Diuitolunt,"  atul    "  <'untiritiuiis  Ciirronl    TmntftiitiHil 
Of  ihc^i;  (lil)t:rL-nt  lutm-a  nc  I'fcfii  tlu-  firM,  llton^li  |M:rh4| 
tlic  second  \%  licst  from  2,  strictly  sncliltlic  poinl  of  view. 

Tlic  ^civcral  |irin<!i|ik'  undcitying  itiv  ainlon  of  ill 
iniK-liiticii  is  a  simple  one.  A»  we  !i)iowr  <.ii)  page  6g 
an  ordinary  i><>iitJniious<um:n(  dyiuuio  is  a  rcvcMilil 
machine,  and  when  supplied  with  dcttrui-cuiTciiI  cnan 
will  dt>  Rifirlunirjl  work,  such  ns  a  sicnm  nc  a  ^s  enpB 
i:an  do.  ^V1)L-ii  used  in  this  way  tl  ih  known  ok  an  VXtxii 
M<nor,  or,  mor*;  briefly,  a  "Motor."  Now.  it  in  qu 
ultvinus  that  amoni^st  the  variuui.  Icind&  of  wirric  .wrJi  a 
tniiiot  can  i\u,  it  may  he  uted  to  ilrivc  a  (lynamo,  ami  m 
KpToducc  cleitiic-eutreni  energy,  liut  itie  dynamo  so 
dfivcn  may  gencrulc  a  current  at  a  very  dilVcrent  volt.-igc  lo 
that  supplied  to  the  motor,  and  iheivfote,  tiiully,  we  obtain 
a  iKw  cuneMt  at  a  dilK.-renl  volia);e  lo  (hai  of  ihc  old 
curterit  ailti  nlikh  we  starl*.-d. 

The  t:cnnnl  law,  .ilready  explained,  applies  10  thii^  auc 
nU(^  am)  in  th«  mom  fcivutiralilc  circumxtaDccs  we  mt^hi 
have 


Iliil  tlu.'r«  ts  a  double  ttans(onnat»ou  invcrivcd,  Ant 
eletiirie  to   mei.hnnical   enctgy.  and  then   back   a^ain 
elwtric   energf.  and   tlterelore  we  ni-«T  gel   A'  x  V,  || 
watts  niter  inin.ifunnaiion,  ciiual  to  A  ><  V,  the  untis 
transltiriiutiun. 

SimplifiLjiions    in    the   ^nenil    .in^uiscnicni    of 
apparaln*  are  obvioit*!)-  [tosMblet  ■'  dtivinK  the 

di,n;um>  from    '        1  h>i  by  m  lit  t  " 

mij;M  l)e  p'l      ■  ■      ■  'i"-'  an-'  'ti; 

case  ibcy  utiu>t  batit  lie '''  »e  »|ic< 
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SiHI  fiirllter,  inslcfld  or  /nv>  arutalvret  nn  ihc  ■'.uni:  nIiii 
rut.itii)^  in  ftm'  mai;w/u  fifUs,  («u-  (if  the  furlili  iiiiijlit  (■ 
Icnj-ihvm'cl,  jnit  lioih  aimatiia-*  mtiiic  in  .lifli-rtni  (uriii  1 
the  lumc  lic-M.  Finiilly,  th<;  two  nmulurc^  m^lii  alw  Im 
re|ib<:cd  by  oitc  nimaturc  «rith  two  sets  of  winrlings  l)rJn| 
ixin  by  sidi',  and  conncricil  lo  two  <^'[lcl^.ll^  roinninui«f». 

*ni(."  Ifltt  i'i  lliv  Conn  imw  nsuall)'  given  I"  ilic  nufhin 
thoti^li  •ome  cnginrvn  still  adi-ncaic    keeping    ttic    t« 
marliinca,  lite  mnior  ,-iikI  the  dynamo,  quilv  ih'slim-i,  witl 
nnl)'  a  mcihanival  <'rini)r(:lH)n,  muIi  n«  n  lirli  or  .1  i^M]'l<n(l 
lK'tw<Tn  Ihcin.     A  <nnilMnfil  in.iiliiiK-,  as  mndr  t)y  Mornmij 
Ijiiircmre,  Si-oti  \  Co..  of  NurwKh,  is  8)H>wn  in  Ki^  ,143. 
Il  iliAcrB  in  appcaranrc  fiu«ii  a  dynmmi  only  iti  the  .il 
(if  a  ilitviti);  jiulk-y,  and  in  li;i^iiig  two  i^MnitHM    '  >•-  »\ 

i-.H'li  (^nil  iif  ih<'  ariiianin:.      In  thin  rau  the   m  nimd 

k  inlciiileil  Id  tiansfoim  "  down  "  from  100  volts  to  10  mll» 
and   the   ricld-m.igiii-t:s  ate  vxrttrd   Ity  n  shnnt  cifojii 
jMrallol  with  ihi;  liif(h  (ircstiirc  brti.iliCK  on    tlie  righlhan 
t-nniiniiL-itof.     The  uifivnt,  then,  drairii  fruni  ihc  L-fi  haiu 
(commutator,  nil)  lie  ^re'iicr  in  volume,  but  diniini&lttij  ia 
prcssiirr,  an  «-oni|>arc<l  <rilh  llic   current   su|»])lied   to 
other  (^'otiiniuiiitiir.     At  l)i«  tiliafl  of  tlte  machine  n\v\s  at 
fairly  lii{;ti  sjieed,   it  is  nc<'esaaT>'  to   liave   iu:lflubrii'ali: 
devices,  whi^h  will  enable  it  to  nin  fof  a  long  lime  wiihou^ 
atleniion. 

If  a  pulley  were  fixed  on  the  «Kift  of  the  mncliine,  1^ 
would  liave  a  wider  Taii(te  of  possible  luc.  Vim  inMami 
when  drivvn  by  sonic  inechanici]  source  of  ]inwer,  it  lan  tx 
used  toT^nemtc  two  diMitKt  coirents.  Or,  if  &up|ilicd  with 
flerlrii'  ^akt^,  it  i.an  be  used,  not  only  to  gcnenic  another 
current,  bun^u  as  ,1  totirrc  itself  of  nH-<|inni<al  poirer. 

We   *iiall^'^nlnile    by  dcMtibini;   ibe    nvitui  dyitami^ 
which  iii  useil  as  a  rcgubtoi  iw  the  fi*e  wire  syitiin,  iefer« 
to  on  page  661.     Iii  this  sy«cro  it  will  be  remcmltcred  lli 
there  jin;  fwwr  drffcr^ni  dmiits  from  whieh  curreni  majr 
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sup]klic<l  lo  tunitiuMTj,  an<l  ihnt  it  is  ticcessary  lo  have  ihe 
snmc  pwsmre  on  wli  tirmii,  however  (be  demcind  may 
vary  fiiim  tiiiM.'  In  tinit-.  As  one  mt-lhoil  <A  rLgiiblinK  ihe ' 
(•rcMSurr,  ihtr  ninUinlynnnio  Rhovn  in  l-*tg.  ^44  is  used.  In 
ihiti  iiiAcliliw  lite  ariTuiluie  U  wrHin<]  mill  no  tess  tl>^n  ftmr 
(li^lincl  ('iii-uit!<.  \y\nf,  ■.i\anf.\t\\c  tir  one  another,  ami  rnii. 
ncclcd  to  four  «t*)>ar^iii-  iijiniiiut.itois,  iwo  at  carh  cn<1.  Tti« 
drcuilt  arc  l^sn4.■(i)■  similar,  nitd  stmilaily   placed  on   the 


aimalurc;  ihcy  are  connected  rdjieclively  lo  the  four 
circuits  of  the  fire-wire  system,  and  are  therefore  in  series 
with  one  .inotlier.  The  field -magnets,  which  in  this  easel 
arc  fif  ihf  "  (loiiliti"  majinciic  circnil  "  type,  arc  excited  hy  a 
etirrcnt  niainlalned  by  the  full  V.  D.  (480  volts)  of  the 
system. 

TIk,*  n^lton  of  lltC  regulator  is  »m|it<;.  If  all  Ihc 
sei-tions  are  at  the  <sin)c  iwessurc,  a  small  i^irvnt  Hows 
through  all  thearmatnrc  n'niitts,  and  ihi;  armiiture  rotates 
at  a  moderate  ^iwed.     Should,  itowever.  ihc  preiourc  of  one 
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section  in<  reuse  al  the  r\|x-nKc  erf  llu*  nlWts,  tlic  aimnitiie 
rircutl  cnnnc'i'ivl  *ii)i  tliai  M'liioii  rci.\:ivct>  an  cxi'<*»  iH 
lurreiit,  nnd  ibe  amuiturv  rotaica  more  quiclcly.  'Ilii* 
in<:re.isei  the  E.M.I-.'s  n-i  \i\>  in  the  ol her  ihrec  amuturr 
cireuits,  hikI  llicfic  K.M.F.'s,  having  a  cliniiniilied  jitc^wire 
agiiiiift  (iH-m  on  ilic  m.-ims,  act  as  ilynjriiu  KM,  (-'.\  and 
drive  ctiireniK  into  iIk-  mn-iu.  Tliut,  ibc  im  itOM-d  prctHiic 
on  t)>«  one  leelion  u  lowerctl  Ity  tlic  etirreni  (trained  a*ay 
from  it  III  ihc  i'(>>rcG|>on<Iint4  aimnluic  einniil,  wtiil>l  tlic 
liiwc-rcd  pressure  on  the  oilici  sc<:iions  is  »iwd  t>]r  ilie 
nirrenu  mipiilicd  to  tliem.  '!'<>  »Hnc  extent,  lliun-foiv,  tlw 
mnchtne  nutomAticnlly  rL'};ti1nte!i  l)w  prcMtiie. 

Al.TI'.RKATI/l'lIUKRKT   'rRA?ra>'OKUKItii. 

The  rimdanieiital  |ihcncimcn.i  uiulcrlyini;  the  woriinn 
of  nliemati.- ciiiTcni  tnnsronneTb  liai-e  U-en  nlreAdy  vtry 
fully  di«ciissf<l.  nt  jhige  if>9,  r/  fcy.,  in  f-unrH'rtion  iritti  the 
Kiilijeet  o(  "MiigncHi-Klwtii*:  1  ndu<rlion,"  and,  as  wv  have 
iht^re  .'klion  II,  ihi-^e  |>Iieiii>iiieiia  diriri  th<-  siiinini:-{H)liit  fram 
wiiith  lh«  modem  dyiutno  nuiliine  lus  l>ccn  (JcTclojietL 
At  fMige  1 70  we  have  descrilted  the  liret  such  transronncr 
C%-eT  mndf,  <-ofHiifilinj|!  simply  of  Iwfo  .ti'iraU  wotind  side  hy 
side  (HI  a  l>loc\  of  niHid.  'I1ii«  wax  aflCTwrardk  iin)>ror7<l 
by  ihf  constiiiciion  of  the  iron  rtns,  A  B,  Fi^-  8y.  with 
two  sepamic  roils  of  wire  on  it.  'I'his  ring  of  I'araday'ii  hc 
rv|iro<luc«  lM.Te(l''ii;.  345)  on  n larger  scak't as  ll>t'  futeninncr 
of  it  clau  of  IraiiflfornicrH  to  whii-h  we  shall  refer  more  fully 
lalcT  on.  As  wc  imw  know,  the  waning  or  Klopjiing  t>f  a 
current  in  ihe  -^il  A  produces  a  momentary  electric  pteuurc 
in  eoil  II,  and  also,  any  change  of  current  in  A  [inidiK-cs 
a  inoniciiUry  [iretiurc  in  II,  which  jici^ists  as  long  as  any 
chanjjc  is  taktnjt  place  in  A. 

W)i3t,  then,  will  ha[>{>cn  il  llic  coil  A  t>c  traversed  l)y 
such  alternate  currents  as  we  have  been  describing  at  |h 
41b  and   el!M.-K'herc.     The  dixtinctrre  duracti-t  of  I 
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iilta-  B   ff  1!    A 


im-nts  h  tliai  tWy  nrc  cMMinually  ohai>i;in(r^soiiniini« 
rttfliing,  Miiiiclimi'^  «k<  raising,  (jiil   ni.-\*>f  rt'iniiiinn  tl'c 

ami-  value  tor  any  a{>)Mii-<-Ml>le  (iin«.     1i  is  (thvioti.i  ihal  in 

lis  case  an  allcrnale  K.M.F.  will  l)c  set  up  io  l}ic  coil  8  ; 
jthifi  It^.M.  r.  will  lollow  (he  same  kind  of  ch.-itigos  as  ihc 
irlfindNtium   E.M  F.    of    ilic    i(i>l    A   ilv;If.  and  mny  )n- 

L'pK-scnlwl  by  n  <:iirve  similar  lo  ftr  of  l-'ig-  J17.  For 
t}TCyily,  the  (.-oil   A,  tliroiif-ti  whiHi  iriirrcntt  an-  sent  by 

Jin«  i-xtcrital  E  M.K.,  is  now  tiitijilly  referred  lo  as  the 
trlmary    loil,     wliitsi 

^lil  It,  wlHcii  is  Ira- 
vcrsed  by  Muted 
cuticnis  only,  U  rc- 

L-ttetl     lit     as 

rtvHi/ary  roil. 

Almost     Biuiiilta- 
[n.-oihslj  with  F-'jraday, 

nd    ijiitli'    in<U'|>i-t' 
lly,      Henry  .^ 

naking    in    America  jf' — • — ^  "N^^ 

e^t'crrinents    on   ^'"'^  ^"^ 

Ik*  muuinl  iniliKtivi:      •'"■  >*'■" 
L-ffLtLsi>f  llal  s|)ir^ls,  to 

(fhicli  nc  liavc  briell)  alluded  al  imihc  181,     l-'araday's  and 

It-nty's  cx|>crimcnls  ((^iditr  form  titc  starting-point  of  ihc 

KOrk  nf  n  long  scries  of  scimiiias  and  inventors,  wImj,  by 
iruHctis  iiMxlifiimtiiins  and  rea Range  111  en ts  of  thi:  posilionK 
Cof  ibe  two  coils,  and  other  stitisidi^iry  imiirovenients,  bave 
endeavoured  to  utilise  the  KM.F.  set  up  in  tbc  secondary 
cnil,  II,  for  some  pnnicul.ir  kind  of  elect rir.i!  work.  'Hicsc 
essays  rearli  from  iSji  to  the  presenl  (iay,  but  ilown  to 
about  1877  they  were  niosily  directed  to  the  setiin);  up  of 
a  very  high  E.M.F.  in  the  secondaiy  i»ii,  available  for  tbc 
jirodurtfon  of  disniplive  clciiri<al  discbatgcs  between  its 
^■kmrinaU.     ^  "  inttuctign  coile,"  as   tbcy   are   usually 
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called,  cftn  t>c  used  Tor  nunjr  int«rcsiintf  and  ininniniir 
expcrinieiiis  niilt  v«ry  sinii^lc  auxilwry  j|i|>arjli»«.  U'c 
shall  lliriirr'>r>r  iIcvtiIk  unc  rjf  itit  Ink-Tit  foriiiiv,  wiihout 
[jkii)g  our  renders  ihrougli  tti«  king  stotjr  of  (heir  gr.idual 
<k'VL-Iiipmi-nt. 

l^f(-  34^  *ho«s  the  exicmal  xpjwanincc    or  a    giKXl 

modem  indiKiion  rml  as  mndi-  liy  Mt.  A|i|>s  wti"  li.»'  ■' 

niueh  to  iiii|nove  nuny  <rf  ihe  dvliiilt.     The  wixkin);  ot  il  > 


rig.  Ml.— ItMHirCumai  lotaaua  CsiL 


coil  will  |HTha|i!(,  honKVL'r,  bv  latsi  undcKtood  Troni   I'Ik- 
347,    vfUicb   is  a  diOKramm-itk'  sktich   of    the  i 

ctmiiL-ctions.     Round  an  tion  trort-^  T  T,  of  v,ini. 
Ifon  wires,  and  wirll  insiiblol  frwni  ii,  is  wouml  ihe  jiu. 
coil,  I'  1',  t-onsisting  of  tw  "t  lliret   h>iTS,  carh  cuntHi  i    . 
afewlumsof  slnutco'  n       uu-s  of  •'tunrcsc- '      i 

111  3S  III  nil  llic  Nps  I'ly.      t)**!^  I' 

slipiK-dnni-NmiU'H  •l.,n7),«h'      ,     . 

somf  di«Linc«  bcyq  ^.  which  an  wound 
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oiiiHi^lc  it.  On  till*  iiilw  arc  ihrmk-tl  a  numlier  of  ^\M-f.  of 
cliuiiiic,  si-purnii-il  hy  imfion*  rings,  whicli  aii  as  ilUtaiicc 
pirres.  The  swrontbry  •.•oil,  S  S.  t«  wound  in  scciions  of  fl.ii 
spinK  wljwih  fill  ilic  (luic-s  bHwe^n  siktcm-iv^'  tli»*.  an<t 
arc  tiltiiiiatr-l)'  (,x>iinii tcil  tOf;ciltiT  m  srrii-s,  I'ht-  <>ltji-i.i  nf 
thti*  s|>liltii)t>  up  ilu-  uM-tMnhry  coil  into  many  sections  is 
lo  vnmxK  Ihjl  no  tirn  [loniiMW  i.f  wjir.  iihi*:h  will  he  al 
very  diffctenl  porcniials  wlK-n  iW  <:oil  w.  wofkwi.  shall  tv 


Pia.  Mf-~<^'*>"MI™"<'*BBIWrT  ■■'""•■lonCeil. 


do«  logctlKT  m  Ihc  wintlif^t.  The  enth  of  ihe  wrconcl.-iry 
<rt>il  arc  hroitghi,  l>y  n)«ans  of  the  iMn  wire  spirals,  to  tlw- 
li^rininah,  //,  wliich  are  suppoitcd  !>>'  glass  insuUling 
pilbn.  l*lw  ii-rminals  cirr>-,  by  lutlland'Socki'l  joints,  the 
diu-harging  rods,  r  r,  whic^  aiu  (irovidc-d  with  dioiiitv 
Itandli^ 

The  elM*iri<:al  4»nniHii(H»  of  itit-  primary  nindinf;s  nn- 
whju  more  romplitatcd.     Since,  <kiiing  the  dc*'clop- 
m<.-nl  'tf  tlir  inditrtiim  i-oil,  altvritntt-  (tiiivnii  pro<luccd  t>)> 
lyturon  idtcnulors  werv  no*  avaibbk-,  some  mt^iu  hitd  to 
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be  ])rirtvi<]e(1  on  the  ctnl  ilfidf  fnr  prodiiring  ihc 
variatiotu  (uKiialt)*  interrupt kim)  in  tin-  M»>ly  nimtn 
}jcii<'r:it«(l  by  primary  luitcrieti.  \'er>-  ntiitiiTout  mvi:n4 
tion*  wCTf  direi-tcd  lo  tin:  iinpm\'cmcnt  i>f  ihi«  par 
of  tlic  coil ;  bill,  evcniually.  Ihc  very  aimjilc  arrxngcnM-nt 
xhown  in  ihi:  Riciirci;  Itat  uirvivrd.  'Vhv  bminalcil  ir»n 
core,  T  T,  is  minli-  lo  projcil  *<Mm'  lildr  diiUnri:  tlinwsll 
ihe  Htipimrti  of  ttic  coil.  0|i(>otiiit-  i"  lite  end  oT  ii  11 
pifix-  of  solid  iron.  IT  (Mfj.  347).  i^arriccl  bjr  a  stout  njrring 
fi  (Kig.  jjA),  wlii<li  cm  tx-  so  st-t  up  hy  tlic  niljiisitn 
screws  slmwn  (bat  wlu'n  no  ciirn'Ot  it  p-iKting  thrnu|:h  tin 
nrt'iih  1' I',  a  plniinini  <ont3<l  at  It,  licbind  M.  Tr< 
ftgainsi  anothiTplatiDum  fontaci  on  tW  cwl  of  ilic  srrrt 
{/.  One  umilnal,  T|,  at  ihe  cad  b  <w)nir«-ti.?4]  m  the  n»t  1 
llirulifill  wtiiili  tltc  siK-v  J  \Hsws,  dim]  IIk-  oltivr  Inuiiii. 
'r,  to  one  enii  of  ihc  primary  roil  I'  1',  the  oiIki  end  at 
wliirh  n  joined  to  ihc  s|>ring  A,  wlii<h  carrii-s  ihf  fumrnCT 
H.  If  now  thu  (tolcK  of  n  ^iiK-anir  Italter^'  Ix-  joim-d  to  ihc 
lerniinnis,  1',  'l\  the-  current  mnst  pnH»  through  iIk 
pbtiiiuni  contarls  nl  It.  Hm  as  noon  as  Ihc  runciil  paiM-s, 
Ihc  con-  TT  is  magncltn-d  .nnd  nttmits  H,  ihiis  bfiMking 
the  circuit  of  the  battery  at  B  ;  cons«i|iicnily.  the  rvrrcni 
in  the  coils  W  dies  away,  the  ma^nciiam  of 'I'T  dL<3|i)ii-jr(. 
.^nd  the  i-la^licity  of  the  spring'  /  Imngs  the  platinum 
i-ont.ii-t»  at  H  logilhcT.  The  1  iirrviit,  iHt-rcfore,  ngnin  flows 
from  ttk-  Ittttvry,  is  .if;ain  hroktn,  again  itutk-,  and  go  oaj 
coniinuoiisly. 

'llw  n-sult  is  ihai  a  scries  of  tnlcmiplcd  rumni*,  all  1^ 
one  dirwrtion,  flow   through   the  coil   I'  P ;   c.ich  cur 
starts  from  xcro,  rises  10  a  Ruuitnium.  and  then  fwlls  olT  1^ 
lero  agaia     As  the  sulfinduttion  of  PI'  h  large,  the 
tairrcnlB,   for  reasons   !ilri-a<l)'  Riven  fpage  427),   do 
inslani.mi'oiis^ly    n-jcli  their  mn\imiiin    on    uiAk(ii;j  liicuiC 
nnr  do  ihc)- instantaneously  f->1t  m  j.iii  wli.-n  rii.-  .ii-'iiii 
broken. 
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But  whether  the  •rurreni  in  I*  I'  rbuTt  and  fulls  (iut<:)cly 

;  or  sluirly,  its  vliaafjes  will  inctidv  E-XM-'-'s  in  v^ch  roil  of 

SS,  anil  as  llvi-M'  coils  ate  vi*ry  mimi-ioiis  .in<1  in  stiii/s,  1(10 

L-ift<livxT  r,.NI.|-'.  x(-i  tip,  iiiid  with  il  tlw'  i'.H.  of  tlicli-Tiniiuils 

ISS,  m.iy  reach  a  very  bigli  value.     So  high  iiwy  ihis  P.I). 

IHki:,  that  the  tniulotini;  aii  separ.itin};  tlx-  ccnninaU  may 

''  be  tlitriiptivcly  broken,  and  a  scrk-S  of  ))iilli.-ini  s]«rks  juss 

bciir.^n  the  knobs. 

IWc  haw  Ktill  to  i.rx|>lain  tlit-  attion  of  the  |>ic<;i'  of 
aiipamus  ri'tffuKnifd  by  C|  (^  in  Kg.  547,  and  whirli  a 
U.sually  encloaud  in  the  banc  of  the  toil.  This  h  known  as 
a  "  condenHrr,"  and  its  jction  l)i-3iJtifo!ly  illustrsU-s  ■  crtjin 
vh»'triira1  gibi-noniL-na,  which  we  ha-vv  not,  Mi  fur,  di-alt  with 
very  fully.  The  4:on(lcnsi.-r  itself  consists  of  shtKIt,  of 
tinfoil  separated  by  |)lates  of  some  good  iDSulatiitg  material, 

■  so<'ti  as  mi«i  or  paralfiiietJ  paptT.  'Vhvsi:  in-yilaiing  plMvs 
an  ru|>resentud  by  ihiik  lines  in  tlw  figure.  AUcmate 
sheets  of  tinfoil  are  conneeled   together,   so  that,   when 

teomiileted,  the  condenser  ek-ciiically  i?onsisis  of  two  con- 
tluclOTs  of  very  \ai^f  surface  i|iiilc'  clone  lo}tt-l)ier,  KC]uir:itcd 
troro   one  aiioiher    liy    a    good    iiuulatini;    niaicrial.   or 
dUketrii.      if,    nou',  these    tux)  conductors  are  brouj^ht  to 
diHl-reni  iKHentials  'he  dieleitrif:  between  tlicni  will,  a»  »c 
lave  elseuhere  e\|>l:iiiii:(t,'  iH-cunie  attained,  and  the  jnu- 
Iticiion  01  tliis  stale  of  strain  L^an  only  be  brought  about  l>y 
be  expenditure  of  energy.      In  ibc  induction  coil,  the 
!tw<>  f-onditrtors  arc  te*  per  lively  connected  to  the  nut  h  .-ind 
the  s|jrin>;  b,  IkhIi  (loinls  on  the  jmniary  itretiii,  bui  lying 
n  ctlher  side  of  the  break  contacts  at  B. 

Suppose,  now.  ibe  current  to  be  Hon  ing  in  the  toib  F  P, 

w«  know  thataquantity  of  energy  is  sioicdss  niagni-ti<;  strain 

,eiKTj;y    tn    the   elect roiiugnct   T  T,  and   ilic  surrounding 

medium.     No  cner;g>-  \'s  stored  in  the  i-ondeiiier,  Mtiw  its 

btcs,  Ci  and  C^  are  iiraeiically  at   the  stmc  potential. 

*Sitp»pr  J96. 


7>/ff  Eluctkic  Cokkcxt. 

When,  now,  ihc  iMtivry  circuir  is  litoki-n  at  11,  wc  have 
shown  l)u[  iht  tiiAjinclu:  Kti;iin  vnergy  bt'ittiu  to  rclutn  lo 
lh«  cleclric  «;irc:uii!t,  and  v>  ni|>iiily  lUws  ilic  IM).  ol  the 
|i(>iii1«  till  (he  tu'o  !ii(le^  of  ()».-  ];a|>  nl  It  rm.-,  t)ul  a  lidlluutt 
disniiiiitt^'  sfinik  untiltl  usually  Im:  |<r(Klu(:L-<t  ihvrr.  Itm 
the  I'laics  C|  and  <Jj  uf  the  CMMJcnM-T  iirv  juinetl  to  tlir 
two  sides  of  the  t;:i|i,  and  an  \\k  i'.l).  iw:*  suiiic  iif  tltc 
cn<:ttyr  thjt  wvtild  ffi  to  ntiikt-  ihe  &]>atk  is.  as  il  wife, 
shunted  lo  Ihe  condenser  ao<l  Morcd  as  ekctrosLiit.  Mram 
KnKtf,'/  in  the  <)ielc<:iiK:.  The  IM).  atr<iM  the  g^is  iherc- 
rorc,  (lo«  not  rise  w>  ltif(h,  iind  lite  spark,  tliefefurc,  it 
muii)  diminished,  ot  "ktllul."  This  is  one  effci  I  uf  uvn)i 
(he  condcniier:  tlw  &)>arks  sX  II  are  inuili  U:»»  l>iilliuiit,  and 
(he  platinum  contacts  are  to  sutne  exiciil  preserved. 

lint  this  is  not  Ihe  only  effen.  TIk  MorL-d  ei>cri;]r  uf 
the  cleclro-magiKt  being  thus  provided  with  another  store- 
houM;  in  the  condenser,  leaves  the  forimf  ntueh  more 
(|uii-kly,  or,  in  other  words,  tlie  nugnclii-  lines  which 
represent  the  Strain  di-sappcar  niuch  more  rapHlly  tliln  i( 
tite  coitdensef  were  al>sent.  Now,  ttic  iiKlu<;t>ve  ellect  on 
the  st-condary  cirtuil  deiiemlN  on  the  raU  vf  JMUgt  in  ihc 
nuiitlier  uf  IhvM:  lines  iijutng  ihrouj^li  thai  circuit.  This 
irKluctivc  effect  is.  ilKtefure,  tery  much  increased  hy  the 
presence  o(  the  condenser,  and  a  much  longer  and  more 
brilliant  spark  <-,in  Ik-  olxaincd  brlwceu  ihf  kiiiiti«,  rr. 

'iliere  i>  aUo  an  elTe^l  wl>en  the  primaiy  drciiil  k 
re-inad&  We  have  jusl  Ictl  the  condenser  wiih  it*  yUUi 
at  different  potentials,  or  chaises.  But  tlici-e  yAaivTi,  ihuupl- 
there  is  n  gnp  at  B,  ore  in  eundunin;;  cummunicjtjf>r\ 
through  the  lultery  and  the  coil  1'  P.  'Itietr  polCT  ' 
ence,  therefore,  cannot  persist ;  they  begin  to  disc  K  ^  i 

a  current  |iaM>ies  from  C|  throitjih  T^  and  Ihe  battery  lo  Tf. 
and  thciMc  through  the  coil  P  I' to  Cj.     Tf'        i  '■ 

rise  and  Call  of  which  arc  rctaidc-d  by  the  k.  . 
the  U}d  1*  1*,  it  wilt  be  noticed,  llowa  ihruu|jh  P  f  ui  ibc 
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jposi(c  way  to  l>uil  in  wtiit-U  the  1>altcry  cuncnt  wuutd 
If  now  Ibv  liantnK-r  N  springs  tiaih  ant)  niakvs  t)ie 
^oritad  nt  II  li<.-r<»ri-  this  (liM'lur};^  current  has  ditnl  3«ay, 
^K'  IwUciy  E.M.F.  Iiju  fir»l  to  iiirtiiniUsi:  the  scK-iiidm live 
E.M.K,  tcnclin>;  to  prolong  this  disuliar);*.-  niirL-nt  liclure  il 
nil  sd  up  ils'own  airrtnl  in  tlic  toil  I'  1'.  'Ilms,  the  rise 
Df  the  primaiy  cuirt-nt  is  n.-l-inUJ,  atxl  the  imlui  livt;  eflltl 
of  siiih  risi-  i»  tliiiiinisihtd  \W  ihttilnrv  liavt  a  topsidcd 
cfftvl  Urtwccn  the  knobs  r  i,  ilic  discharge  at  the  tiawk  of 
b<-  prinint)'  l>L-tng  tKilliant,  whilst  that  at  make  is  t'ithcr 
ect>k-  <»  iill<>j;clhi'r  abiient. 

"I'his  unc-Mdcdticna  of  the  disdiari;*--  from  the  secondary 
^■rniiiialK  ut  an  induction,  which  lias  a  condenser  inserted 
it!i  prinury  viirrvnt,  mu^l  not  be  overlooked  in  discuKsinfi 
ny  results  ubtainei).  Wv  re|i;rel  very  inui:h  that  wu  liavu 
not  s|«i;e  Iti-rc  to  desiiibc  some  of  liii-sc  vcrj-  beautiful 
i-Niiltn  nith  vnciiiin)  and  radiant-niaiter  tubi-s  ;  wo  c^n  only 
emaik  tliai  expcrimcnU  of  tliii  kind  giromise  to  reveal  to 
Bs.  [lerhapi  ii]  the  near  future,  someUting  niuR  rej^arding 
iiie  entity  we  cjll  electricity. 

As  already  remarked,  the  chief  object  of  tile  various 
plod ificat  ions  of  the  indiiirlion  coil  jusi  dcKcriboJ  was  to 
ncrca.sr  the  length  and  brilliancy  of  the  ijiark  oiKaitied  in 
Ike  M:eundary  circuit .:  in  oihet  words,  to  pioducc  a  cuirent 
vith  an  enormously  gtealet  voltage  than  the  primary 
arrcnt.  I'bv  fbndainenlal  taw  of  iransfoTmatiun  holds 
BOod,  and  this  increase  <i(  presture  munt  be  a<,Yonii>anied 
by  a  ci>rres|iot)diti^  diminution  in  (he  current.  In  fad, 
jnder  the  most  favourable  c  in: u instances,  the  bm  iL-^iuIt 
could  get  would  be  that  the  product  of  |(re»ure  and 
xiirenl  a/ter  tran.ifurinaliun  should  e<iual  the  corr»]>ond)iis 
'product  hf/nfre  iraiisfoiuiation,  or 

A'xV  =AxV. 

iberc  A  and  T  represent  cunent  and  pressure  m  the  primary. 
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ItiK,  turning  Uota  the  highly  *()cnllli^cd  cxmI.  the 
mititimc  of  fifty  yvars  of  mixlifiritiioi)  and  iiii|«titt-tticf] 
(hat  is  usid  ivilh  luttiTicii  as  i  urruil  uciitiiitiir!>  for  it 
[laiticiiliLr  jititpUM.'  indiraMl,  lu  the  cm\^  which  s.iiisfjr  il 
rci|uir<-iiicntn  of  vlc4:tti<:  tninKmissii>n  \ty  allitnaic  currents^ 
wre  find  a  great  Mmj>liliiattun.  I'lit-  lultcr  coil*,  or  "  trjiiN 
fonnt-TS,"  as  thoy  ate  now  catlml,  coniint  cAHirntinlljr  uf  lhi« 
pans — namdy.  two  dcctrk  circuits,  a  iwinury  itnd  a 
scconiduiy,  and  a  inagiielio  cinruit.  The  fomic-r  cunsisl,  of 
coum-,  of  iiiMibti-d  copper  mils,  and  the  Uttler,  in  |n 
at  least,  of  null  Uniinatcd  iron.  L'onUcI  Lirvokc 
commuLitors,  tondcnscrii,  etc,  arc  tw*  longvr  a  nc 
Kiry  |ui(l  of  the  tran)irormi.-r,  whidi  it  really  odc 
the  Kiinjiilmt  ]iitcc3  of  electrical  apparalUR  in  jinirtii: 
use. 

In  moit  transformers  one  of  the  coi^xr  coils,  or  seta 
coi>|>eT  i^hIx,  tintially  cxntsists  of  many  turns  of  fine  wi 
niul  the  other  of  a   few  lUnis  of  coin]ntalively  tliirk 
Sintc  there  is  no  eoniai^t  breaker  or  sulistdiary  a|>|uiAlu 
cither  of  these  eotU  c;in  Ih'  Used  as  ihc  {irinury  to  tlic  Otbe 
a,f  secondary.     If  the  ihic):   wire  coil  Ih.-  iu>cd  as  pritDar 
at  iit  the  old  induction  coil,  yoti  obtain  in  the  icconda 
a  higher  pressure  but  s  kui  current.     This  ir>  iinn'  L'^lkd 
transforming  "up."     Ittii  il  the  fine  wire  iwl  hi;  uiied 
primary,  llic  pressure  in  the  .<teconr]ary  is  lowered  as  iron 
pared    uith    llut    in    the    pfimai)'.    wtitUt  llm  cuncni 
irKieawd.    'l"tie  niiio  of  the  elTcclivc  jircssurcs  in  Ihi-  li 
coils  is  ncntly  thni  of  the  ratio  of  the  nuinl>cf  of  tutni 
each,  the  coil  with  ilie  greater  numlM-r  >>f  nim'-  limine  x\\i 
greater  pressure,  and  Ha  f*rsA. 

'rurninf!  now  to  the  magnetic  dreuii,  il  ts  uiu^l  lu  i 
n>Ddcrn    altcnialc-cunciit    IrjnHfotiners   according    as    ihl 
circuit  is  eloscd  i>t  o|>cn,  thai  is,  as  to  whether  il>e  masiMti 
lines  run  entitlty  through    iron,  except    where  llicy  oo 
Jointi,  or  jortly  Oirough  iion  and  lurtly  Ihroiiglt  air. 
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ither  non  mnpnciir  maierialK.     Wc  shall  (kwrrilie  one  or 
Cloaed  Circuit  Transfomiers.— In  ihcscihcmnK'tetic 

lincH  si'i  ii|i  liv  llio  uiricitls  in  ihc  |krinuiry  coil  \\a.\-c  pio- 
vkk'il  (oi  tlicnt  a  cumplctc  oiciiit  of  {;;(iihI  mn^jnctic  nialcri.tl. 
anil  :iin(>le  iTnKVStTluin.  A  ring  >;li;i|ifil  lopjiri  crtil,  ciilircly 
oviMwMiml  Vfilli  iron  wirt,  or  an  irim  ring,  tniirclj'  uvcr- 
wound  witli  llic  inft(titcli.iin};  copper  coils,  inajr  ench  l>c 
Uikcn  as  rcjircscniinK  a  method  olTiilfiDing  the  comtiltons. 

Faraila)''»  caily  ti.iiKformcr  (I-ig.  3.15)  was,  in  fart,  of 
the  iatlvr  rlaits,  ihntii^h,  at  the  iiM)(neltnn|{  [tiiinary  eoil.  A, 
(lid  not  <:nkvr  the  whole  of  tlie  fiii^;.  llieic  \v<iiil<l  he  Kunic 
IcAluigc  n(  iuaf;ncttr  liticfl  tlitniij^h  Ihc  nif.  It  in  nou'  one  of 
ihc  iihjo  ts  of  ihe  desijjn  of  ihi*  dntw  of  jr:inKf»niicT  to 
cniiiire  tliat  nil  ihe  line*  set  it)i  liy  llit  jitiitiary  shall,  if 
possililc,  |ias«i  tlirough  ihc  secontLiry. 

Hill  tltough  ting-shapcil  traiisforniers  are  excellent  from 
a  tlienrctiral  |ioii«  of  view,  they  arc  n*n  easily  made  on  a 
large  scale,  ami  the  effect*  can  be  oldnincd  more  readily  in 
other  ways.  The  essential  det^iilsoraniudemrloscdcitctii! 
tranKfortner  will  1m-  iindt:rstoo«l  hy  referenee  lo  Kig.  3^S, 
which  -shows  ihe  niiij;neti'-aiidele'  liir  cir<"iiilH  of  the  l.owrie- 
Hail  irati.^fomiiT  iisiil  hy  the  Ihnise-to-Hoiise  Kteclrii- I.ij-ht 
Cominny  of  I^ndon.  A  niimhcT  of  f^H  iron  plates,  1 1, 
Ufa  convenient  )iij«,  arebtiill  ii]>tnto  a  htindle,  widi  thin  in- 
!tiilaling|>a|icr  lictwccn  the  «ieecasive  plates,  to  stop  the  rross 
flow  of  eilily  or  Koiieatill  lunciils.  When  the  thieknest  re- 
({iiired  to  <-.irry  the  nu.xitiitin)  ntiniiier  of  masnetic  linei  has 
been  obtained,  two  copper  coils,  which  have  been  se)nratcly 
wound  on  fonncrs,  are  slippeil  over  the  hun<Ile.  f  >ne  of  these 
noils,  T,  consists  of  many  turns  of  fiBe  wire,  ami  the  <)thcr,  F, 
offewcrtmn.'t  oflhtcl:  wire,  the  ratio  of  the  liimi  00  the  two 
coil*  being  delermiived  by  the  change  of  pressure  the  trans- 
fonnet  is  rciiiircd  to  mikc.  Two  such  bundles  nnd  coils 
arc  titen  placcd-sJdc  hy  side,  and  thtr  ends  of  the  \i\Mcs  hcnt 
ss 
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m-rr  aiul  tnlcrlaccdt  as,  shown'  h)    Ki|j.    348.     Tltc  whulc 
ix  fiitw)  in   !i  Mr<in;{  itwn  franir,  nml   rlniHiK-cl   li^lilly  u|i 
the  I'otrcsporvJini;  t-oilt  on  llic  t«'o  tiilvM  art-   i-ontirctcd' 
in  sciies,  and   ilie  ntds  Iiroiigitt  lu  lermlnab  bi  »  Iwx 
at  ihc  Mile  of  the   frame,     Thw    l>ox    also  cntiuini  iIm 
fiucs,  whkh  arc  (lUcod  on  boili  cirmils  to  pn>ie(t  ilx-a 


MC.  )■■■— U(tbi4c4'4.'i_inKlii>(lb(lA>ric-llallTiBin(«iBn. 


from  3  cLtngcroo^  k\<-&&  of  irnrreni.     These  Iransfo 
arc  mndr  vA  txt\<»&  siscs,   ca))ab]c  of  Itnnsfonuin^ 
I    to  .10   hoTsC'iiowiT,  an<l  of  clvingmg   iIk- 
3,000  lo  50  or  100  volts.     F-ifli  lior-M.'|io*t : 
may  be  rcgartk-tl  a*  Itciog  al>le  tn  \v^\\  u|k  ■  1  Or  li 
biu|M  of  f6  iMndIc  power  each. 

In  l-ig.  J4>>  is  shonm  a  much  \ta^vx  clo«LT)^n.iiit 


i$O-ff0XSS-/\)ll'Sll    Tit/tieSJW/tMKK. 


former,  rnpiilik-  of  dciiiiiy  wilh    1 50  horsc-jKJwcr  ;  it  is  of 
ixtliern  dcaigiK-il  \iy  Mr.   Kuriniili  fur  use  in  the  miI> 


ttations  of  Itit-  IxjikUmi  Elwlric  Supply  Corporalion,  in  the 
iwntKt  alrcaily  it(.-icril«sl  (page  668).  Thv  iron  circuit  is 
nore  lamiiwwd  llian  ihai  of  ihc  [«wrie-Hall  iranifofmcr, 
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bundles  <>f  h(Kii)'iion  laid  Kidc  by  side  bcinj(  uwil  iR«tcail  ut 
ilYHt  pliiU-s.  K^ii'li  (lifcc  of  liii<v)t  irun  funti*  n  irdinjiMc 
circuit  Tor  <)>c  mogoclic  liiics  of  forrc,  for  ils  cnd>  ovcrUp 
and  arc  t-lajnpcd  together  lighlly  at  O,  where  tlie  only  non- 
ITUgnclit*  joint  in  tlie  rtniiit  i>c€iir&  Tho  nim|ilirti-  iraiih 
lotiDer  hiis  a  iloiihtc  iiiajtitetir  cirniil,  lnUea<l  i<f  a  kinft'c 
one,  as  ill  l)ic  [irc^iotis  cuimi>lc. 

The  high-pressure  c-uils,  II  H,  lie  bctwtxn  two  Hd*,  t.l, 
of  luw[)itfM;ure  cotU.  Rnrh  not  am- 
sisis  of  flat  sections  built  ii]i  of  co|i|jcr 
strijis,  ('.irufiilly  insiiLiivd  wiih  viilc.iniM.M 
libr«  and  thetttc  <rloth  ;  car.h  vcction  t* 
scfNirulcd  fmin  its  n«tj-hl<otiriii)(  srctknH 
liy  Inycrt  uf  insulating  tnatcrinl,  anil  thv 
varidiis  scctiuii^  uf  i.-3(l)  set  aiu  joiiKd 
in  scries.  Tin:  low-prcsutrc  coils 
further  iiuulatcd  from  the  high-prc 
Coils  l>y  layen  of  clKinitc  and  liy  an 
t|uiccs.  When  in  use  ilic  whole  traoa 
former  is  immersed  in  an  insulating  oil] 
if,  therefore,  the  inKulaliim  liclwvcn 
high-  ;ind  Ion  (nessntc  coib,  or  the  higlj 
|ircsiiiTe  coils  and  the  fcainc.  should  tno 
mcntnril)'  break  donn.  (his  oil  will  Ro^ 
back  ajitain  an<t  ri'-innnlate  ihc  ctMb. 
Open  Circuit  Traosforiners.— The  ordinar>  indu^ 
tion  ii>il  <I''>X-  5-t'')i  with  its  .lutomalic  break  and  eond 
removed,  may  Ix;  taken  as  ihu  ty\K  of  an  o]icn  circud 
traiafofmcf.  The  piimat)-  and  seeondary  i-oilx  arc  wouni 
round  a  sim[>le  sir^iight  iron  core  of  iron  wires,  the  magnetic 
lines  from  which  luve  to  cnmpk-tc  ilwir  circuit  tbroujfh  the 
uirroumling  notv-magnetic  material!. 

A  modern  ojwn-cireuit  trwisfofincr,  tiuHl  esjv 
power  (runsniission,  it  xhowu  in  l-"ig.  ^50  ;  it  is  iht-  .,„ ,  ....^ 
"  Hedgehog  "  transfonner,  designed  by  Mr.  Swinburne. 


Sw^nlmi"*'* 


Tdlu- 


Opitit-CltlCVIT     T^AKSfVKVKKS. 


<l93 


im  m«!l.il  ciKtinCt  "U'l  a  i-mss-Klmiictl  scclion,  jkusr  doAii 

l)c  (-ciitTc,  and  is  H[>rLM<)  out  ui  the  liollutii  cikI  tii  Cotiii  tliu 

legs,  and  at  ihc  top  to  icccive  the  iKiaid  Tor  the  tcrininab. 

In  Ihv  Tvcesscs  or  tbc  iToss  four  bundles  of  ^ort  iion  wire 

RTe  bill,  Ailing  thein  iii>,  -tnil  ilic  iirujccting  ciiOh  r>f  lh<: 

Twin's  arc  spread  out  like  the  txcitles  of  n  brush,  K'viDg  t1i« 

llraiisfomicr  ibc  prickly  appcarAncc  at  the  ends  from  which 

fks  name  is  derived.     'Ilic  Iron  wtn.-s  arc  t.i|i«t  over,  and 

|lhc  Ihii'k  wire  i«>ils  wroimd  on ;  over  ihtsi:  arw  »lipt)o<l  Iwo 

[-yitntlcn  uf  ehoniie,  on  ivhich  ihe  fine  uiiu  < oils  art*  wound 

twocomjxtrtmcnts,  nitli  an  ebonite  dise  between  ihvni, 

ends  of  both  citcuits  arc  !>toughl  to  lerminjhon  tlx: 

DOid  at  the  to|>,  ami  tlw;  whole  i»  en^^owd  (ur  iwoteclion 

^11  u  Uoneware  j.if,  in  which  no  cildy  <-urrem  can  Ik  set  vt\\ 

Iniul  nhich  doc^  not  ^liort-'irccitt  ihc  iiMgnclic  lini-f. 

The  telalive   acivjtntagi.-^  of   flosett-   and  often  i-irciiit 
li:in>roiini-in  have  lueii  the  subject  of  nuith  conlravcisy, 
tnd  a  full  discussion  of  them  would  lead  us  loo  far.     Wc 
may,  however,  [loint  out  lh.it  the  o|iencirciiit  Iransfonners 
(cquiic  more  magnetising  ^iinperc  turns  for  Ihc  same  mag- 
netic Ihix  ;  aiHl  ninee,  in  .some  xyxtcms,  the  |>raeticc  is  to 
have  ibe  |>nmaiics  of  all  the  tr.)nsformers  in  a  dislrkt  per* 
DianciiUy  closed  on  ihc  niain-;,  large  currenls  will  be  flowiitg 
lcv<en  when  the  seeiind^iries  are  ii]ien  and  no  power  U  being 
liaken  fium  the  Ir^in^fonners.     On  ihc  other  hand,  it  is 
isaerted  Uiat  tlie  loss  by  "  hysteresis  "  '  is  less  in  open-  than 
'  m  eloux]<ircuit  Ir.initfonners,  and  also  that,  at  Ihetc  t«  more 

I  room,  a  greater  inuss  .icciion  can  lie  \vstA  \n  Ihe  cuftper 
Coils,  and  ihu.i  ilie  lokaes  due  to  tltc  heating  elTeci  of  the 
curreDt  be  diminished. 
I  We  shall  conclude  this  section  with  a  dexcriptton  of  the 
Epc*ial  tratisfoimer  conslnjctcd  by  Mr. 'IV-la  for  his  lirilliiint 
tK|>eriuieitU  on  Iitgh.|irc.uure  and  higlifreipienty  allcrnale 
Ounenis.  In  ibis  tiansfonner  no  iron  b  used,  and  Ibc 
>  Seepage  i$(i. 
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ntjignt'tic   tiiics    jiass   enlircl)'  llirou}:li   nwi-maftnciur 
lerial.      It   is  shuwn  In  Sivliuit  in  I'i^   351.      'I'tic 
[iresMtrc,   ur  litiiiinry  ix>il»,  I*  I*,   coiiklit   ul  well  IiikuI.ik 
cop{>cr    wire    mx^uikI    tn    Iwu    seirtiuns    on    Itiu 
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mdfil,  W.  I1»ere  urv  futir  Ijiycrs,  each  having  [WL-nly- 
Jfour  turns  in  «ai:h  svttioii,  and  ihe  tltOl-rcDt  InycM  are 
|Kc|>.it.itcil  hy  cottua  cloih.  Tht  ci«!s  of  ilic  !>e<'tioii!i 
itv  liruiight  uitt  llitmigh  i-biinili-  tubes,  //.  The  liiKti- 
[l^cs^UIl.',  ur  soumbry  coiIk,  SS,  nti:  wotinil  iiimjii  cUonilc 
obliins,  R  K,  whit  li  >li|i  over  iIk'  |irininiy  i-oiK  I'  I'.  Kiith 
IBi-eninUry  cull  <mist»ls  of  3bo  (iimi  <»'  lieol  i;ii((ii  |)c:r<:hn- 
Covcrl,-<J  wile,  nnd  tlif  Iwu  lulvcs  urv  noum)  opimsitely,  mid 
coiiticitcil   111   si-rk'S.     The  vnds,   TT,  mv   lirotigltl  uut 


hmuKh  lliirk  cbuniiv    luben,  /, 
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The    ImblnnK  are 


.-Inm[>i.-d  riiiiily  in  itit;ii  |>liit'cs.  willt  wotxlm  disl.iDix-  ]>ie<'ei 

K'tovcii  ifkni.  ;ind  itio  iihulc  |i1ai.v(1  un  wuudcn  supports 

It  a  wtMHJi-it  liux,    11,   stitruimdvd   hy  a  sht'll,  /,  uf  t\(K, 

IIm  I)u.\  »  lilkd  will)  a  goml  iniuiliiliii);  \n\,  wliicli,  if  a 

l«rlt  bliMiltl  |u&s,  will  I'kise  up  USUI').  »nd  xenxatc  ihv 

isulaiiofi. 

Eleotrlo  Motors. 

The  ptoblcD)  or  ibc  Traosniission  and  Distribution  of 

'ovrer  by  means  of  the  ck-ctrio  current  nol  only  requires 

thnt   Ihe  oiiginal  cneifiy,  whatcvtr  it  may  be,  should   be 

:oniiiiiii':iUy  converted  into  t'urrttnt  eiH-rgy,  and  iilsu  ccono* 

'niit::illy,  by  Ihe  use  of  iinDsfotmcrx.  or  otlierii isc,  conveyed 

to  tlie  |>oinls  where  it  is  n^juircd,  but  aUo  Ihul  tliere  should 

beat  tliese  [loinis  «uilable  ;ip|i.ir.'iliiv  for  (he  convcision  of 

the  energy  ut'  llie  eiirtwil  imo  any  oilier  j'onii  of  energy  llui 

maybe  required.     Some  funiis  of  such  ap)>anilus  we  have 

Iready  deM^rit)ed  when  trcalitij;  of  are  .-ind  glow  lamps,  and 

Iso  of  clccliolytic  balhs,  but  tlicrc  yet  reniams  for  dcscjip- 

lion  that  class  of  appamiu.^  which  \\.  >:;t|iable  of  converting 

he  power  uf  the  current  into  Ihe  form  in  which  it  can  be 

widely    applied,    vij^,    ordinary    me<:hunienl    (wwer. 

The  machines  uied  (or  this  pur|fose  are  called  Bleotric 

Motors. 

.\ji  Elcctiic  Motor  may,  therclure,  be  defined  a^  a  mafAtw 
'or  autverlins  Ihe  fnersy  <>/  €ktlrit  curreiih  inle  muhamfni 
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'"^ty  fy  arntti^iiti;  fi^r  wmt  curnxl tarrying  icitJut  fori  ft'Ar 
Jrtc  ta  OTttr  in  a  miij^ntlU  fithtS  I-roiii  ihiN  t(  k  cviOcnl 
that  an  cleciric  motor  pcTfurnis  lite  converse  <>|)cratton  In 
that  di't^implislietl  t)}r  a  ilyniiiiio.  Not  only  is  ih'u  (lie  i-a«c, 
but  il  ts  i-xtrcmcly  inlcicstii)^  to  llitd  lliai  11  j^uxl  citilinudili- 
oiirvnl  (lynniiio  ijii  be  used  as  ati  dcclric  nttilor-  in  ulbL-f 
WMth,  ilui  fMvh  a  (lyrumo  is  a  rtvtrtiMt  mathiHt.  \Vhi.-ilj 
Ukc<l  111  u  dyiumcN  ami  xtp|>|>lic<l  wilh  mcclinnical  [himi 
fruni  a  stcaiti  engine  nr  uiticr  juiiiu:  movi.T,  it  irjn->tuniu 
that  |Hiiriet  JnlO  cicctiiccutrciit  |iii«Tfr  ai  a  ixrljin  ]irv^ 
arranged  volugv.  Conversely,  ir  an  i-locUJc  current  aI 
prit|>er  voluigc  be  su|>|ilii.-il  10  the  niacttinv  ftum  an  cMvrut 
wimc.  it  will  cunvcil  lh«  |M.»or  oJ  llial  <uium  n«o 
iim;i lkanii-;i)  \^vtet  av.iitaltk  for  iltiviDg  iniuhincry,  »r  r<ir 
any  (ilhcr  |>ur|>uic'  to  wliiih  tiuvh  jmiivr  Is  (^cniTalljt, 
a|>|ilie«l. 

'I'he  la'riiiiiiiiiK  of  ihe  liUlory  of  ttcL-lrii:  nwilots  "bif* 
back  to  3  ]>^-iiutl  aniciior  lo  Kjraday's  discovery  of  ni;(gncl<i 
electric  induition.    Sturgeon,  in  1S23,  described  a  piece  1 
a|>fKiratu.t,  n>i)sixting  of  a  stitr  wheel,  by  uhiHi  inuduinic 
rotation  conid   be    produc-ed   eleetiically.       Also,   ^trvcc 
itltrcnt-can]  ii)g  coil  -km  known  to  bi:  atlMctc-d  !■)  a  m.ignct, 
tnolors  were  made  in  n  bkh  snch  coils  nen,-  iMilled  rou 
by  ntajiinels.      All  ibese^  liowevvr,  were  in<;re  Inyit. 
fintt   inulor  wliic-h  was  conMtiKted   lo  do  an  a|i|ire«tilt] 
amount  of  work  nJs  made   by  Jacobt,  in    1^3^  fur  tti 
inirjKHe  of  |>io|icning  an  elerUtc  boat  on  ttie  Ne\'a.    Thl| 
moiiir  (h'i^.  .152)  conxided  of  iwu  svtx  of  Tued  hone-sho 
electromagnets,  with  llieir  \<A«>  iaciiig  one  anothei. 
twicn  thoe  iras  placed  a  six  .irmcd  wheel,  ffce  r"  rmate  o^ 
a   hori/om.il   axiii,    and    carrying    meUe    strai^hi    cU-ctr 
mantlets,  m}  s|uecd  that,  in  c«ruin  jxiBitions  uf  ibe  trtwc 
their  pules  came  utipositc  the  pole^i  uf  all<  1  .    i      <  r  iT: 

'  1'Im  rr-i^cr  ilioaM  coiiiure  lliit  ilcnxiLioo  <'  n  <>' 

iljriuuMi  ^Ivcii  ua  |i^b  liki. 
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fixed  insgncu.  On  the  axis  of  the  wltc<fl  Tour  xitlit-iiilw 
cuiiimuuiars  w«r«!  so  arranged  that  ihcy  chanj{t.-(I  (lie 
(liteilior)  of  tilt*  curicnis  in  tlic  sK.iiifhl  iiia[;iicls  wht-ri  ihcy 
cnine  o[i{>otiitu  the  liorsc-shoc  luagiicts,  so  iliai  what  was 
|MCvioit£ly  an  attraction  liccamc  a  n:i>iiision.  In  thu  way 
conlimioiH  ntlaiion  m-^.s  [iiuduced,  and  using  a  l.-irj^c  h.iiLcry 
at  \2&  (ffovv's  cells,  JdcoIiI  wax  abW  to  drive  hU  liuai  lA  a 
speed  of  3'6  miles  per  hour.     The  experiments,  hou'cvcr. 


oast  the  Emperor  Nicholas  about  ^:.406.  and.  therefore, 
did  not  ^-i-tii  to  promise  much  practical  ii«:(iilnc»  for  (lie 
nc'vr  inelliod  of  propuUion. 

From  time-  to  time  the  subject  of  the  cotislrurtion  of 
cflkieni  electric  motors  atiracled  a  good  de^l  of  attenlioiit 
and  numerous  ingenious  attempts  irere  nude  by  many 
invenlOM  to  solve  the  prol>k-m.  One  favourite  <levi»c  was 
to  so  ananjje  tlie  machinery  that  by  the  attraction  of  xoft 
iron  corci  into  hollow  solenoids  a  leeiprucaiin};  motion  was 
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Iitmluccil,  like  that  of  ihc  prMon  of  a  Meant  t^nftinc.    Thi 
n-i.-i|iro''aliit);  mmton  wj<t  thcti  irammiltcd  lu  llicolh<;r  |a 
of  the  iiiufhinc  in  <mc  nf  iHc  u»tuil  ways. 

I'rcviutis  to  (he  dcvclo|>i»cnl  or  the  ilynnniK  r 
Iwiwevfr,  all  iIk-w  vlti  Irir  nioton  w«re  wvcrfty  liin  1 
in  pnutiiMl  work  by  iW  l)*);h  cosi  of  imxlurinf:  titc  dcm 
currents  that  wen:  rc<)uin:il  to  set  ilicin  in  motion.  I'rinu 
luiltcrics  wert-  ihc  onl)-  sourvrs  available,  atiO  ()>o>c,  ll: 
vciy  crticivilt,  H^tl  far  lot)  t.-\)>ensivc'  a  fui-l  (zinc)  tn  utlo« 
inachiiH's  dntwitif;  energy  from  th«m  tu  eoniprte  with  (•icaiii 
engines.  ItuI  when,  b}'  th«  inifwovenienl  of  tlic  drmumv 
dcttiif  eiiiTciils  dMwing  tlieit  i-m-fpy  fnHU  >  bvj|'i  • 
were  niaiJi.-  available,  the  as[>c<:l  <>l  tlie  siibje':!  ■'  < 
ehangn).  In  a(l<lili>m,  Ibe  diiieover)-  ilul  Ibc  dynaniu 
itself  a  reversible  niai  bine,  aiid  niiilil  l>e  um.*!  at  an  ckitii*- 
motor,  turned  the  allentioii  of  intcrMon  in  a  new  direction, 
which  bos  been  fruitful  ut  producing  the  most  impotUnI 
results. 

It    has    already    lieen     pointed    out    (hat    when    the 
annaliire  of  an  ordinarj-serics  dynamo  is   rnlalcti    iheri 
is  tomparatiwly  link-  rcsiiiatKe  to  the  motion,  as  loon 
the  clectrie  ciritiit  is  not  cuniptcictl.     Iltii  as  ouon  as  ihi 
outer  ciiniit  is  ilosed  a  intKh  greater  effort  is  retiuiml  t 
inaintaiii  (be  si>Ged  of  roL-ition.     In  fact,  it  is  fruni  the 
necessary  lu  ot^-rconic  this  rc&istanoc  lo  rotation  ihai 
energy  of  the  currents  is  derived. 

If,  now,  w«  reverse  th«  experiment,  and  from  iiotne 
temal  sonne  drive  a  current  ihro4i(;h  (be  iiurbiru.-  iti  1 
A^inc  direction  as  that  which  its  onn  current  wotdd  take  ii 
the  above  case ;  if,  also,  wc  hold  the  armature  fn^i,  so  thai 
canrvot  move,  then  t)w  ^amv  elect  to- magnetic  and  mcchai 
teal  forces  will  be  ealle<)  iiilo  exidenre  which  rcKiMed  I 
rouilion  ill  thi-  (uevious  tast-.     If.  (hcrefiirc,  wc  i- 1 
atnialiire  ;iml  leav-e  it  fice  lo  lulate,  it  will  uiuvt'  l> 
an<l  rotate  in  the  i)[ijMi«le  direction  to  dial  in  wbicb  it  w 
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ireviously  dlitcn.  AUo.  »s  tlii:  ciiniinutalor,  l>y  (Ooliitunlly 
hanyiiit;  llic  ilitcniim  <if  llic  tiituiils  m  tin-  1  viU  ii(  lilt 
niiiitiirv,  mniiitaiib.  ibi;  ('flrct'livc  n:l;ilivc-  posiliviis  of  ihc 
l(l'inii)ti)ds  ;iH<I  ariiiuUifi.'  iiiJiFciU!!  iiitchan(;cd,  ihc  roUiiicMi 
ill  be  conlinuoUfi.  The  tuiaiing  atiiMiiiti-  »luft  i-an  mm' 
ic  conncilcd  by  Inciting  itr  ruiiplin^  U>  any  iiacblntiy  wtiicb 
w  rirquiriM  lo  itcl  in  invliuii,  and,  |iroviJtil  ibt-  iciiMance 
TOUtion,  9u  sel  ii|i,  Lie  Dot  gicatcr  (ban  (Ih:  tendency  of 
f  ariiijiiin;  to  rolale,  the  macbiinrty  will  be  scl  in  molioii 
ml  tltr  Te(|tiiTe(l  woik  will  Itc  duni-.  In  ibis  iray,  fiulii 
vori.-liuil  <-<jn!fu]cni|ii>n>>  ftk>ne,  wc  inii  Mt-  ibat  an  uidiiury' 
TicN  tlynnino  may  be  iim.-*)  m  an  cktirii-  inotoi.  With 
>);)■[  iti4>iI*ru^(>ons  tlic  same  reasoning,  of  couise,  »[>plie3 
Bliiinl-  iind  com  pound -wound  dynainvK,  btil  \\k  r;iM' 
biiHcn  n  smH'h  itiil  I'm  owr  jmrpose.  We  sball  now  ilewrribe^ 
ur  two  modem  forms  of  con  I  inuous' current  electric 
lOtoTS,  and  aficiward§  return  to  some  inlercstin;'  element- 
!ry  points  in  connection  with  the  tbcoty  underlying  tlitir 
irotking. 

OontiatioaS'Oarrent  Motors.  -  As  any  ^oad  con- 

tinm)U!i*4:iirreiit  dynamo  is  rticrsiblc,  and  can  Iberefore  be 
tutt  a&  a  motor,  ihi.-  difkrence  in  external  apj'^r.ince  be- 
tween motors  and  dynamns  is  not  very  ntaiked,  except  in 
s  wbere  the  pur|>i^M:  for  wb^rh  the  uiolois  to  lie  u^ed 
lias  caused  a  dcparlurc  from  the  ordinary  dynamo  types. 
For  general  puq>o^-»  Ibe  actvial  dilTercnccs  arc  small,  and 
are  chicHy  in  internal  delail.'s,  such  as  more  <-atefiil  lamination 

I  the  iiun  to  .ivokI  edtly  ciim^nti^  and  good  mechanical 

leviccs  (m  Iraitsmitling  the  drag  on  ibc  current-CArrying 

ires  to  ibc  shaft. 
A  good  ex^iniplc  of  a  modem  motor  is  »hown  in  Fig. 

53,  irbii'h    re)>rcM:ni»  a  motor  man u fad  11  red  by  Menun^- 
iirence,  Suuii  and  Co.      It  is  of  the  double  ma^cncttc- 

ircuil  lyiw,  .litnibr  to  iIk  dynjmo  described  at  [Kige  335  ; 
ill  ihb  ciuc,  however,  cast-iron  is  used  lor  ibe  mngncU,  and 
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the  diininishcil  pcnnvnl)iUi]f  ia  cwintctucicU  by  incrc 
rross-Kotlitin.     Cnsl-irun  is  us<.>(l  so  as  lo  oliiain  ^KAttr  i 
and  cbm«Kxs  of  i^mKirurtiott.     'I1ic  iion  (tire  <>f  ihr : 
tiirc  is  slotted  OD  the  vxicmal  |wri|>lHT>-.  ant)  tlu-  wirv 
wound  in  tlicsc  slotv.     In  lhi«  way  the  inaf;ncti(-  [lull  on  lb 
wires  when  the  inacliiiM.-  bworkiiij;  is  directly  tranMn'tdc 
10  the  iiun  ul  Ihcroic  and  thence lu  Ihc  shall,  and  aUu  ll' 


1-  -**!-- 
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iron  pfojeciions  prvt-ent  the  wire  being  dtsj)bcc<l  laterally 
by  the  large  for<'(>  culled  into  |)lav.  'I'hc  umialiiiu  in  ilrum- 
wouml,  and  ihc  uotiducloni  aie  )irou(;tit  in  a  ;{''-{<»'  ((»■<- 
mtitalnr.  Rxtrmally,  (he  iitcist  ourkcd  dilTcrcnLi:  is  in  ihc 
nrrangenwril  <.A  ihf  tirushcs,  whit-l)  arc  set  vt-riifnll-  ■'■'  ■  ■ 
any  Ivad,  .iim]  toui-ltin);  lliv  roniniittnivr  aking  tl»- 
diamu(L-r.     It  will  In:  M.-1.1)  that  mi  ki  (hv  ;irt:  :.  l-v 

run  tMund  either  way  willioui  Oaina);injt  lUi;       >.  -.-.  .a-, 
tangnnenis  for  so  running  ate  olaululi'I)   nixtSBUjr  In 
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flolor  whii'li  is  10  tic  used  Cor  fjcncral  i«>rk,  as  llic  dircclioii 
pf  luolion  niny  often  lia\«  in  lie  n-vcrsnl. 

Am  wc  hiivc alrcKly  wry  M\y  ilcsrrilic*!  tlie  k-adinu  l>|JCS 
nf  dynamos.  «r  shnll  n«l  furllu-i  rifcr  In  cIk-  many  cx<:clii.-nt 
motors  llul  m>  iliwtly  rcscHiMi!  tlicni,  Imt  rum  liidc  witli 
(k-!irii|ilioiis  o{  Iwo  motors  in  nliich  the  ordin.iry  dynamo 

(rm  hit*  iiceii  widely  ilcparlcd  from.     Tin-  exi);cni:ics  of 
eatk  lo<:omiHion  have  k-d  (o  the  ([reatcst  moiliricntions 
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this  kiiul,  ami  our  examples  both  deal   will)   motors 
jcsigncd  for  locomotiTc  work. 

The  firet  (Fig.  3S4)  is  a  slr«ti;l'(.ar  nuHor,  (lct>ign«d  by 

dison.      For  this  kind  of  work  the  h^h  a-pcd  of  ibc 

rmaluic,  electrically   nefvssjry,   is   a    disad vantage,  aiwl 

many  attempts  have  been   tniidc  to  ix-diitc  the  alisoliiti- 

ccd  of  the  ;innalure,  anil  al.iii  to  simplify  the  gcaiin;!  by 

vhicli  a  still  fiiilhcr  reduced  speed  in  imnKniiiietl  to  thv 

lie  of  the  ear     In  this  vase  the  motion  of  the  smuiurv 

jk  S  is  transmitted  to  tlic  car  axle  A,  by  means  of  a 
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single  pillion  aiul  loollwil  wheel  >t  n»rh  «n1  wf  Iht  i 

one  (if  lUi-xc  tfcing  |>aflly  thnnn  at  iht:  ImtIl     The  i 
circuit  hsu  U>ut  |iole*,  liui  an\y  two  ewHling  coih, 
wrniixl  ii|Hiii  llic  htit\tnt\u\  (Hik-'picrcv.     lite  magmet  I 
111  made  in  one  piece  o(  s[)rctAl  %ofi  o»t-ueel, «  omk 
wliidi  ia  at  pmrnt  nn  iu   Irini   for  drnamo  and 
iiuftnrl*.     To  thi*  frann*  lh4>  pnle  pircn  ate  Utlirii. 

Tlic  number  «(  revnlnlinns  {irr  minuii;  o.  nrdurcil 
muking  iW  iirn»(tiic  irf  \atjiv  ■lUmcU'r  (iS  inrhn),  whir 
liicrrAMTii  ihc  circitmfcrcnlial  S)*ccd,  and  liy  la^uri);  ti* 
pulvH  itiMiiid  of  iwo^  an   nrraiti^roimt  which  oiutcn 
atiiMtkire  wiio  lo  <nt  thnxidh  i)U>n:  ricl<lx  In  n  j(int;lc 
hilioii.     The  arnuttiTL-  i.i  IWainriH-  wntiiid,  and  lite  rt 
mitlnlor  ia  very  ljir)tc,  being  lo  inch<.-a  in  diameter. 
I>riiiibe:(  Mc  A\n\  t»  h«)1ik-n  bulled  to  the  four  mmera  i 
Iht!  vciti^'al  |Kik'-|iicc(.>H.   They  arc  nuile  of  blocks  of  nrlmn 
|ircH«L'il  3);ainKt  the  commulalor  by  sfirings,  and  are  mi 
Ihal  (Ih:  armature  ran  run  eillicr  way  wiUMiut  d.-iiti3^tj 
ihein.    Tl»c  iiwHir  can  develojie  30  horiH>)K>wcr,  and 
runnii>]{  al  ^Ao  rcrolitlions  |«r  miniiie,  drives  iIh*  iMf  at  | 
ft|>ced  or  11  miles  perhtNir.     When  in  ii»e  tlie  wholi:  moti 
and    trnii&miliing   gears    are    enrascti    in    a     waterlif;!! 
ciiver. 

Otir  next  CKainple  (Fig.  %$$)  has  a  stil)  mote  cnrioat , 
magnetic  circuit.     The  omer  frame  is  in  !ho  \KirVf,  whir^ 
when  the  motor  is  in  UKe,  are  l>olled  U<^-thvr,  but  in  it 
figure  one  of  tlicm  is  sliovrn  raised  to  expose  the  intcrio 
This  frame  finms  the  yoke  of  the  nugnctic  circuit,  ihc  pole' 
pieces  bcin^  iilnccd  one  Ik'Iqu-  and  the  other  aI>ot-c  lhc_ 
armaltlic;  Ihc  surface;  of  llw  tippor  [ioIc-|>4lxc  cm  be  see 
inMcIe  the  rasing.     It  is  round  this  iipiier  |tole-picce  tha 
the  sin((lc  exciting  coil  employed  u  wound,  the  ixile-pi 
projecting  f;ir  cnmiijli  inwardti  from  ttic  fr.ime  to  makoi 
fi>r  it.     The  fmme  when  closeil  w  ecmiplciely  rovem  1 
Acid-magnet  and  aimaiurc  coJls  that  water  can  lie 
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ver  lite  mniitr  with  iin|)iini(y,  or  it  may  lie  run  ilirough 
Vntt-r  U|>  tci  ihc  Iowit  sidi-  nf  iIk*  licAii"K^. 

The  ainialufc  ts   lo  inches  in  diameter,  and  is  ling- 
rnund,   Ibr   wires  lying  in  6.)  glomes  in  Ihc  iron  core, 

Bch  jiroovc  l.ikiiig  14  windings;  tliom-  gniovcs  r-tn  Iw 
||istini:ily  HLtn  in  ihe  ligure.  The  atmmiiiaior  is  Mih- 
tantial,  him)   ihc   cjriion  biuBhci  arc   fixed   in  stationary 

rush-holders  clamiK-d  to  (he  frame  on  each  side  of  the 


fn{{-  The  dfiving  pinion  is  on  the  left  hand  end  of  ihe 
armature  axle,  and  drives  a  br^c  toothed  wheel  on  the  ear 
axle,  li)-  whiih  the  inolor  is  su!>])orlcd,  Koth  pinion  .ind 
wheel  arc  en<:loiUK]  in  a  water-  and  <1u.st-|>Ti(of  cover,  whicli 
is  iKtnly  filled  with  heavy  liihrkating  oil  hi  whieh  iIh:  i;car- 
ing  wotks  noiselessly. 

This  motor  is  cajablc  of  devclopinti  50  horsc-|>owcr. 
It  IK  made  by  the  Cenenil  Klerlric  tionijiany  of  New  V<»rk, 
and  in  Octofier,  i^t^j,  u-a.s  in  use  on  ahotit  i,i;o  Irun-Hncs 
throughout  die  L'niled  Stales. 

it  is  aniH-«:cssaxy  to  further  nniltiply  cxainpks  of  actual 
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rct^ari^  on  sotne  iQicrettutK  |uinU  (a  tbc  ibci-vi  >"^'W^ 
ihcit  wi)(lLin(t. 

Elementary  Theory  of  Electric  Motor 

khiiitii  ([»){i'  ''V^)   lli.it   il  i  runi  nl  (nmi  tti  • 
Ik  ilmcn  ihrough  a  KTin  dynamo  in  the  mmr  dinctmtu  m 
ihal  in  nKtrh  ita  own  nitrcnt  would  Ao«r.  ihc  amiarorc. 
rrt*'.  will  iijtale  t»(  kward*.     If  allowed  lo  rotalc,  he 
new  elri'tri4*al  <-onilillom  arc  )>rtMighl  inin  rxtstcncc. 
f(>tl4)W-in|{  4:\|»cntnimi   b  Ixtih  inilrunivc  and  it 
Sii|i)>(Mc  llii:  unuTcc  of  rurrcni  uacd  t«  be  a 
tutlcry  of  conxt.int    F..M.  F-'.      Cnnncrt  ific  Ivitlrry 
ilyfuiiiii  nnil  [J.itrc  an  .-iiiinictcr  in  ihc  (Ui-uit.     VaiiX\ 
Ihc  .-irmnlurc  faM.  so  that  it  ummt  mute,  ami  kmI  ill 
i:trm.>nl  iiMliralcsl  hj  \)k  ammrlcr;    kt  ili»  he,   ay, 
fliiipi-rus.     Now  tcl  lhi.-annatuTcro(ailcsIo«ly,.ind  it  willl 
notW-d  ihal  rliL'  rurrvnt  at  gncc  lictiwics  lets.      Rcconl 
B|wcil  and  Ihc  cutreiii,  the  formct  Xmay^  way,  50  levolutic 
per  miniilc.  and  the  latter  16-1  amptrrcf.     I.ct  the  . 
nrtatc  faKlcT  nnd  r:istcr,  and  t.ikc  simuitnncous  ri. 
!j|ic«d  an<l  nincnl  fut  ilillcnmi  spix-dv      It  will  ' 
that  as  tlte  h\hxA  incruaHCH  titc  mrrmt  diniinixhvx,  and : 
nrsJi,  unlil  at  a  high  speed,  say  195  Tv^otuiions  gicr  niinuK 
Ihc  current  ^inks  10  5*1  an))>ercs,  a  fraction  only  q( 
Taluc  wlu-n  iIk-  nmialuix-  was  kejic  inolionlcss. 

'i'hc  cjiiiAc  of  ihi.i  diminution  of  rnrrtnl  k  not  {as  it 
seek  ;  on  il,  in  faet,  ckficnds  the  ca|abiliiy  of  the  etcrti 
motor  lo  alAorb  the  energy  of    llie  ele<'trie  cut: 
convcit  it  into  nicchamVal  energy.     Consider  the  1 
of  afTairt  wlien  the  nnnaluic  it  allowed  lo  xtrin.      Von  bat 
then  c«ndiictrm  iivovin;;  in  a  pom-LtfoI  magnetic  field.  Und 
lliesc  cinrunistanccH,  K.M.F.'»  mud  t>c  {ste  [Kute   fjA) 
up  ill  thc«e  coiiducton^     Morcorcr,  sfnce  (he  arranlun- 


'  Tlip  (icuret  |;iT«n  nic  lakm  Inm  in  bCTdnI  npoinvnt 
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rotaiing  ^fhctrJs,  \hi:^e  E.M.I''.'s  tnusi  K-  such  as  wotiKI 
tent)  to  uviictatc  a  nitreni  in  the  u[>|K»ite  dirvctiun  to  th.il 
usuiiUy  given  hy  the  nuK  hi  ne— tli.it  is,  \\\iy  tend  lo  generate 
a  current  in  the  oj>|tuu[c  ditct:(ii)n  lo  the  cutreni  nrtii.illy 
lluwing  lhruu)jh  iIh;  uuchine  ;  in  other  words,  with  lespcct 
to  the  uciiial  floK."  of  niircnt,  tticy  art  Aw*  E.M.E'f. 
That  ihU  musi  be  ihoJr  direction  Is  also  apjiarcnt  Iroin 
LtKi't  /'Jicfiogc  174),  aiid  fiom  consideraituns  itf  the  con- 
servation vf  encrg)',  Trom  which  it  is  clear  ttwit  where  iheic 
is  no  Ktore  uf  e»ei:gy  the  eifeci  unnot  ifAVA  the  cause,  l*ui 
miitl  Hit  a);ain^t  it. 

riic  ri.nddiiientJil  iaet,  then.  H,  itui  when  an  elccitic 
motor  is  Koriine  in  any  eircuil  ii  u-ts  \i]i  «  tMek  E.M.F. 
in  thai  circuit,  whidi  tend!!  lo  cut  tiown  tlu!  cunent.  \jA 
I  re[>rc!K:ni  ihc  K.M.K  uf  our  ballety  in  the  above  ca»e, 
and  R  the  resixtancv  of  tlie  dicutl.  'I'lieii,  when  the  ainia- 
lurc  is  held  at  fcst,  we  have  Ity  Ohm's  Uw  that  ihv  cunent 
(Oa)  in  the  circuit  is  given  by  the  equation— 

Bui  when  the  arniature  is  allowed  lo  rotate,  a  ^k  ICM.K. 
(e)  is  set  up  in  the  ciicu it,  which  diminishes  the  cReciivc 
E.M.K.  avaiUbIc,  and  alien  the  ainx:nt,  which  is  now 
given  by  ihe  njuation  -  - 

E    « 


0  = 


B 


which  Allows  tlut  0  it  ne4:cs»arily  le»s  than  0^ 

'I'his  last  equation  may  be  re-wiiiten  in  either  of  the 
forms— 

CR  =  E-e. 
orE=  C&  ^■  & 

These  are  f-reuurt  equaili^ns,  aiul  the  last  ex|tTes:ie!(  the 
ph>-siul  faci  tluit  the  vulis  (E)  generated  by  the  battery 
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ate  (uirtly  cn))t1(i)-ecl  in  driving  the  rurnrnt,  0.  lhr<Kii;h  the 
dod  rcsUuncc,  R,  of  ihc  circuit,  and  are  juDl)'  bobuicnl 
by  the  tMck  volts,  e,  set  up  in  the  .-unutute  (if  the  tiwlur 

The  tiui  e<]iiaiion  bei:om««  still  moie  »u|;^T«ltvc  tron 
iltc  physical  Mandiioint,  ir  wc  mtiliiply  catli  tt'im  bf  the 
currcnl,  0.  and  llw:  lime,  t,  when  it  lake*  the  Conn  — 

SOtaO-'Bt-l-eCt 

I'hit  etjuaiion  a  now  an  enerfcy  cilii-ilion  ciidi  Xvtm,  when 

ordtmiry  uniiii  are  u.sH  ii'i" 

U-ini  on  ihc  left-hand  side  r 

jouks  thrown  into  Ihc   circuii  t»y  \H<  battery  duiin);  the 

lime  t     'I'hi:  lirtt  Icrm  oii  ihe  right  rt:prv:tcnti,  u  wc  hnir 

secQ  1|Kige  65:{)>  <he  number  of  joa)R>  tlui  arc  wasted  to 

Iiealiiig  Ihe  ronducuws  r-irryiiig  the  ciirfent  C-     tt  h-it.  thett, 

<I<]t:n  tli<;  lust  tcnn  lejircsctil  ?     It  is  ubviouxly  in  jmuuM 

equal  to  the  differcnoe  between  the  total  vaa^  kivco  to 

the  circuii  and  the  cntTgy  w^Mcd  in  hMtin^  thccn    ' 

Ihrt  mcchiinii  al  inei^y  is  l>«in^  (irudiKL'd  l>y  iho  ii 

the  law  of  the  Komeriaiioit  •>/  energy  ;is»tfn»  that  energy 

cannot  be  created.     'I'he  niaximuro  anwunl  of  this  itiedian- 

ical  energy  intut,  therefore,  be  sought  for   in  the  missing 

energy  ie|)rcM;mcd  by  the  b.it  lenn  of  the  ;i' 

This  term,  in  faci,  rtpicscnts  the  aiiiuuiit  of  i:       .    ; 

ished  in  the   ticttui   case   by  tome  u»Nvoidabl«    lussa 

due  III  n)e«:hantcal  arul  niagivelir  friction)  Ininsfonned  imu 

iiieclunicnl  cnerg)'. 

It  is  intcrv-sling  to  consider  tli«  various  fat  lurx  iif  the 
term,  e  0  t.  which  reiirt-scniK  the  transfonnetl  CDcrgy,    »n»c 
of  these  U  e.  tlie  tuck  B.  M.  K.  of  (He  motor,  and  when  e  i> 
jieru  die  term  itsdf  becomes  ttni ;  that  U,  " ' 
ture  is  lidd  fast,  no  eltclrir  energy  tv  ttan 
meclunical  tticrgy,  which  U  otliciwbc  obvioua..     In  I'tlicr 
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fttords  in  the  case  con&idtrcd,  as  \ong  as  ilierc  is  no  bock 
t  M  r.  and  consequent  dimiiiiJiioii  of  the  r.tiircnt,  iWrc  is 
no  ttansformalion  »>!  cnctjiv,  there  is  n<.y  clcrlric  motor 
tclion.  But  it  is  Mill  more  iTnportinit  to  obn-Tve  i1m[  the 
itPiount  of  energy  lransfonn«(l.  <aleris  paribus,  is  directly 
|>ro|«)Tlioii.il  lotlie  bn<ic  K.M.K.,  and,  ihcrcforc,  if  we  hnve 
3mc  mcaiii  uf  keeping  ii[>  iliv  mnj^nitiidi;  of  the  cuntni 
(for  instance,  5up]iose  it  generated  by  a  consiam -current 
lynamo),  the  quicker  wc  billow  our  arin<ittiic  to  rotate,  the 
note  niechanitral  vncrfty  nn  wc  dniitr  from  il  in  a  given 
jme. 

Without  iToubling  our  rentiers  with  the  niurc  coiiipiiuited 
equations  in  connection  with  Khiinl-  and  coin jjound- wound 
noion«,  wti  may  rernnrk  that  the  correvjwnding  "transforui- 
Rlion  "  term,  as  it  may  be  cilfed.  has  the  same  firrm  lis 
ithni  given  abon*.  the  only  difiercnce  in  the  nieaiiini;  of  the 
kymhols  bcitig  that  0,  the  ciirreiil,  ititti:^  of  beinf;  the 
vholc  ciuietit  supplied  to  ihc  ntoior,  is  that  pan  of  it  which 
through  tile  armature. 

teaotions  in  the  Armature.— In  ihc  chapter  on 
3ynamo  machines  we  brielly  referre<I  ([tage  aio)  to  certain 
eatlionsinlheannaiiireNofconlinuoHstutrcni  dynamos,  the 
cliief  effect  tA  which  was  to  make  it  neeuoary  to  move  the 
Btushcs  forward,  so  as  lo  at-oid  dcsuuciive  Mjurkiiit;  on  Ihc 
ammutntor.  In  an  electric  motor  lliv  same  kind  of  rcaciioiu 
cur,  but  they  have  an  o]>|)utite  elfei-i  on  the  position  of 
trtushti.  'Itiai  this  must  be  so  is  evkleni  when  we 
anstdet  lliat  for  the  same  relative  positions  of  the  nia^Ktic 
'Reld»  dtie  to  the  armnlure  and  Ihc  field -magnets,  the 
armature  runs  rvnitd  in  Ike  opptniU  direftiim.  Sinrc  the 
portion  of  die  brushes  for  no  spaiking  depends  only  im  the 
two  magnetic  fields,  il  will  still  lie  the  same  as  before,  but 
«»  leganls  the  liiretti'm  «/  ri'lali-in  w  ill  be  reversed.  In 
ther  words,  \\\e /m-nitrJ  kad  in  a  dynamo  becomes  a  b^k- 
itrd  Ui\d  in  a  ntotor.  In  connection  with  this  it  will  be 
t\  1 
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uitcmting  lo  romjuft  T%  556,  wliich  reiMrscnii  the 
cffccliie  I'lcl'l  of  3  motor,  with  Kij;-  1 10,  rqitcscniiii^  (he 
trITectiic  ticM  of  3  tljtumoL  In  iKxlh  oxm  the  rtircction  ii( 
rotttkm  t&  &u|>[>oM.-d  to  Ik  clixkniM.-,  inucad  uf  bctntt 
icvtnoit  in  the  first  case,  as  wc  haw  liccti  coRMtlcrini;. 
The  sinubhiy  o(  ruUtioo  b  bruugthl  about  \vf  twvninfi 
(he  annuuTc  Luireni  in  Fik-  156.  u  cumisired  wltli  " 
uad  obviously  thv  clTtri)  iji  stich  rcvcisj)  will  be  i- 


Bt  fictd  in  (be  opposite  (Jircciioa,  as  dc|>icted  fn  the 

llien;  ue  nuny  odwr  io(erestiii|g  potaiy  in  coniKCti'^n 
with  ihi    ■  lor*.    Til 

g4ttoQ,  L  '    ol'  the  I 

^ilR-clii^  titc   rebUoHN  ticlwccn    the  dotinc  ciimrot   aod 

prc«ure  luftplMil.  on  (lie  otut  H\nd,  and  the  ^ '  '  - 

iiioincnt  iu\i  cllictcticy.  on  ihc  oiha.  lead 
curious  results. 
refer  the  uudetu  •      . 
Ko)K  of  this  booli. 
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Altercata  Current  Motors,  -fonsiiler  \\w  mkc  of 

.111  allcniaio-.unciii  ilyiuin'  Mii  h  as  wc  rlqtictcd  in  l''i({. 
124,  with  permanent  steel  magnets  for  its  fidd  magnets. 
If  the  annntun:  be  supplti:<l  with  n  Miii:tble  nlUrnJUe  curtcnl, 

'■  and  lit!  once  gut  into  roLtlHin  M  the  |>ro[)er  spectl,  (he 
tiinrhino  will  act  as  a  motor  witli  siime" lial  peculiar  pro- 
[leriics.  One  remuikablc  properl)-  will  be  that  whatever 
the  load,'  within  a,  ccrtjiii  maxinutm  liniit,  the  K\KtA  will 
be  ahnnliitdy  rons(ai\t,  :tml  will  depend  only  on  the 
iiiimlier  ot  alternation!!  per  minute  of  the  tuttent  supplied. 
For  it  is  obvious  that  10  set  up  a  bark  V..  M.  !■'.  of  a  frequency 
equal  to  that  of  the  K.M.1''.  of  the  generator,  thertr  niii»t 
t>e  a  deliniie  number  of  revcrwls  i>cr  minute  of  induced 
E.M-K  in  the  atni-itiirc  loih,  and  these  ran  only  taVe  plai'c 
at  one  definite  sj>ocd.  If  an  attempt  be  made  lo  evrced 
the  above  maximum  load,  the  machine,  iiuiead  of  ximply 
stowing  doun,  will  ittop  dead,  and  will  not  ni-ain  start  of 
itself,  althouijh  the  load  be  reduced  bctow  the  ni.i.\innftn. 
To  start  such  .1  machine,  the  armature  must  first  be  spun  at 
nearly  the  jirc^icr  speed,  when  it  will  begin  to  absorb  ]x)wer 
from  the  supply  ctirrcnl,  to  the  requirements  of  which  it  will 

,  ((iiickly  adju.ti  ii.s  spee<l. 

It  is  obvious  that  sinli  3  motor,  which  cannot  st.itl 
itself,  is  of  little  practical  use ;  though  the  fact  that  its  xpeeil 
is  <mnstant  when  once  it  is  started,  U  tn  its  favour.  'Hie 
same  dilTicuU)'  is  met  with  when  it  is  3ticm]>lcd  to  use 
a  modern  allernator  with  separately  exd ted  ricld  magnets ; 
and  the  availability  of  such  a  ntachine  for  motor  purjioocs 

'  is  further  diminished  by  the  necessity  fur  having  a  separate 
cominitous  turrcnl  to  excite  its  Ticld- magnets. 

We  may,  therefore,  condude  that,  although  under  certain 
conditions  the  ordinary  alternate-current  dynamo  nn  be 
used  as  a  motor,  it  is  not  generally  available  for  motor 

'  By  Ibe  ImJ  a  mmiL  Ifae  anounl  of  oxxbinicil  ptnrfr  whicb  the 
■wtOK  b  callri  apoti  10  ^vp  uui  ai  ibc  (in*  iiwler  tixitiiimtinB. 


J  to 
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ptirponct,  nnd  moK'  p<|M-cblly  K  ukIfm  irlicrr 
BOUrt:i.-  i)(  vIiMlric  rncTKy  oliuiiiuible  is  f'-'in  ah 
cum.-nl  sy^u-ni  on  (itiblic  supply  imiins. 

'l"l)Mc  i»  oof  ditcnioii   in  whirh   .i 
p<M->ibl<:.    Tltt:  dtinaiutc  of  at)  mtliiuiy  < 
irri^'i-womid  iiioinr  will  roistti-  in  the  wtn«  liireciKia  winch 
cvirr  way  a  rimltnttous  niircnt  be  settt  ihrDU);))  it-     1'"* 
li  (lui-  to  rhc  (not  Mini  wtwii  yiiu  trvt-rx^  ihe  cunrai  «(>U 
revt-rv  both  Ibc  (nflgnctii    drld  due  to  ilic 
niv)  tlut  due  to  the  fiiUlnuigncis.    Since  Acfi 
the  mtiliuil  n<;tiun  betwifcn  them  is  H)  the  same  dirct-iiun 
ni  bcr<>rv,  nnd  iliiircforo  Ihc  annaliiiv  stitl  roliUcn  the  ■.imc 
w.iy  round.     Now,  if  iho  diim'tinn  of  lotatton  be  thrwnn' 
for  both  jiofiiiivc  nnd  nc-gatit-c  rurrenis,  the  machine  tiMiuld 
woilc  widi  an  AltcmnK-  <:urrcnt,  nhtih  is  simply  inncJc  up  a\ 
Kudi   |iiuii(it-e  and   ncf;aiive  curr«nts.      Unfottunalcly,  in 
innclico,  serious  diTicidlics  present  themselves,  due  id  (he 
se^ondnty  rc.irttons  that  bi-conK-  pronuncm  wheniMxr  iht- 
cum-tvl  w  rt-vcrwd.     I'he  iron  of  the  field  iiUKiicIa  doo 
not  revcrM  itn  niagndism  quickly  enough  in  bntc  iikichinn, 
however  cafcfully  it  be  laminated.     The  solution  has,  thcic- 
f«c.  only  been  Mieressful  with  small  motor*. 

Otbci  aitcmjits  hnt'e  t>een  made  lu  xolve  the  (troltlem 
of  pnidttciDfE  a  satisfactory  self-contained  clecUk  nH>iot  to 
be  actuflled  by  ordiiury  allerDale  t-urrcnls.  but  hnhaio 
without  suttkieiti  micccss  to  nnrr.tnl  ik  devoting  ^ttnc  lo 
the  conHideratioii  of  tlircm.  Tliis  want  uf  a  sati^bctuty 
motor  is  a  disadraniagc  in  alteTnate<tiirent  svs-tcms  of 
jioiblic  supply. 

I'.^lffhau  AlteriMlr  Ciirrrnl  M%'fi'rs. — Hy  far  the  iimwi 
KU('CCM.sful   alternaie-i'iirrent    nio[i>r!!  are   those    which    ute 
polyphase  currenla,  the  parlicubr  kind  of  airrenui  hitheno 
employed  bcin^  Ihroepliascd.     Tbc  Lhirf   '      *     ■        ,' 
tuici>fMH'h  niutors  in  llic  cli-ctric  Irani., 
that  ibrve-liuc  win-x  are  required  initeaU  ol  v>< 


— '•-^'  -  — 
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In  ouf  ihrsctrplion  of  ihc  Shullcnbcrgcr  mvtvr,  at  page 
4J4,  vre  have  nlrcudjr  minutely  explained  how  h  Totaling 
niagnclic  ficM  can  cnusc  a  Oisc  of  iron  |>Uit(I  in  it  to 
rtvolvf.  The  action  is  due  to  the  fai't  tlmt  such  »  disc 
conKKti.t  at  3  numlK-T  nt  closc^l  i-k-itik*  cifctiiis.  in  which 
cunvnts  .ire   indticcvl  which  n-nit   on   ihc  r<i|.iiing  (k\A, 


The-  same  (itinciplu  is  used 
tf*— .  b 


caiisin);  the  rliw:  in  revoKx-. 
in  polyi'haK:   nioiors,  but 
ihr  rt!VoK'ing di^',  instead     __ 

of  \mn%  a  jolid   Ulock, 

consists  of  a  number  of 

(■aicftilly  wound     electric 

oircuiis    vx\\\    dtned  on 

itself,  and  \o  |>Ln<-ed  that 

the  induci.xl  uuncnts  arc 

coiilini.'<l    10  <:iii.-ui[3   in 

whicli  ihcy  nhall  givi-  the 

maximum  tinning  eflbn. 

Were    a    solid    blork    of 

CO{>]R,-c  used,  ihi-  induced 

cunt-nts    would    wander 

about    in    all  direaions, 

and  miwh  jmwcr  vrotild 

Ik    w.iMc'iI    ti)-    diem    in 

hcatinj:;  the  copjier.    Tlw: 

power  *o  wasn-d  in  the  Shall^nbtrgci  meter  is  insignificant, 

bvcnuie  the  whole  amount  of  power  transformed  is  veiy 

tniall. 

A  ■'  p»Ij(i1iase  motor,"  iln  n,  consists  of  an  arrangenn-nl 
for  producing  a  roiaiinj;  magnetic  field,  in  which  are  jilaced 
doted  electric  circuits,  free  to  rotate  on  an  axis.  Tlic 
arrangement  is  diafinmmaiicnily  depicted  in  Fig.  357,  which 
is  due  to  Dr.  S.  P.  Thompson.  'I  be  ihree  phase  correnli 
arc  bfoughl  to  the  magneiHing  coils  by  the  line-wires,  ir,  A, 
and  f.     I'  will  be  iciacml>cred  that  the  peculiarity  (fee  page 


Yif.  33r.^Duitiain  a'  Palyiitiiue  M«i«r. 
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4te)  o/  ihi-ti-   cunrntv  in  thai  tbc]r  tach  ibdr 
(or  flirgailvr)  inaxitriA  ai  Kiccvsnw  mauati,  fallowing 
niKither  at  intorvali  djual  to  nne-thinJ  of  the  prnod  *A  x 
('««i|i1t'lr  nllcmation.    Thu«,  the  ina<  '  ^itvc  ciinM 

in  /  m-cun  (^nc  thin)  of  a  iteriod  ai.  unilar  ormM 

In  tf.     Tlic  ]M)lci  i>(iiiluic<l  in  the  iron  m.  ;h«  eoH* 

f,  Q,  And  K  will  obviously  follow  the  tt;.  m  of  lb« 

miigncliting  currrntn  m  the  coiU,  and  m  ibc  nuaima  of  ilw 
cunciu-i  rnltiiw  <>nc  nnotlicr  round  and  roufld,  to  wfll  the 
r)in(i;'ii^'><^  '■''^  *»  ihc  cocI^moiI  space  rotate. 

TliU  cncliiHt^  gpaoe  h  ncaflr  filled  with  a  cylinder  of 


fif.  jil.— RoutktPuIotrttnibuaMaUr. 


laminated  iron,  on  the  ctrcumfi^cncc  of  which  a  wrvx  of] 
cloM-d  clcclrir  ctrcuils  oic  wound.  Fjich  nrruti  consistil 
of  llircL-  condwTtofK,  or  x-ts  of  condiK-totn,  no"  a|ttrt| 
on  the  circumference,  and  thi:  currents  indu4.-cd  in  ihesei 
rirciihs  I>y  the  roLiling  field  r.-itise  the  iron  L-jrltndcT  10| 
rotate,  het^iiiM:  of  iht-  ifaciiuni  alii^'uly  irKpUincd. 

I^rge  motors  ol'  (liia  kind  havi-  tn-cn  built  by  Mr,  C] 
E.  U  Urown.  of  Ocilikon.     I-'ig.  558  rcj^rescnts  the  routinq 
pari  of  a  motor  which  developed  >o  Iv  >i  'C-|>ovrcr  At  a  specc 
of  1,300  rcH^ltuions.    llie  core   dl*ci  an;  |ncrc«d   vil 
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loitgituOinal  Iioirt  near  iW  citciinifcttini-,  ami  the  «>|i|>ct 
I  lotidiiciurs  jtri.'  round  txar^  thrca<k-'l  Into  iIk-sc  tiolc^      It 

is  ihcrcrorc  iinpossii>lc  lo  clisphci;  tlK-m  l>y  the  mcchaniul 

forcY*  «ft  uji.  The  t-mls  of  ihi:  copjwr  bar*  nrc  simply 
iconncirutl  hy  lircubr  !.iri|M  of  rnpin-r ;  t)w<K  art-  nii  Mi<ljng 
f.or  oiitif  cnnlacls,  simi'  im  L-viL-rnal  nifrcnls  have  to  be 
lititroihtrfi),    the    whole    of   ihi-    w<;ikint;    rurr^.-nts  being 

induced  currenlK  si;t  up  by  the  rotating  Held  produi'Vtl  hy 
\i\K  exu-injl  |in(l  of  the  niptor,  whii-h  b  not  &howi). 


^ 


Applications    of   Power    ElOGtrically 
Transmitted. 

ThtTC  l«ve  iiiiw  been  desf  lilwd.  iti  (lerhajis  sufiicicnt 
dcUil,  the  variouH  sysiems  and  appnrntu<^  that  are  cinplo)-^! 
for  economicAll)-  tran^nittting  to  a  dittanre  large  amounts  of 
[■owvr  by  elpctrical  means.  Ahn  the  variotis  rnleresting 
laws  governing  ihe  action  of  Ihc  cleciiic  motors  which 
Tcccii'c  Ihts  |K>wcr  and  reconvert  it  into  mcchanirjl  forms 
have  been  refencd  lo,  an<l  some  of  ihc  motors  thcm&clvcs 
de«rribed.  There  still  rentains  the  (jiiesiion  of  the  a]>pliai- 
tion  of  this  jiowcr  a*  received  from  the  clcrtrit  tnotors.  At 
first  sight  llic  considers  I  ions  involved  would  seem  to  he 
rely  mcchanica],  and  therefore  »ii<:h  as  need  not  be  dealt 
with  in  a  book  on  (lie  F.leetiie  Current.  Itiii  the  mechanical 
conditions  icact  upon  the  electrical  problem,  and  cautie 
modifiaitions  in  the  soliiiion,  whtrh  in  themselves  arc  in- 
teresting both  from  an  electriial  and  a  geneial  iioiiit  of  view. 
Tlie  [remainder  of  thi«  ehafiter  will  ilieiefore  lie  devoted  to 
(he  description  of  a  few  of  these  apf>lieations. 

Electric  Locohotion. 

One  of  the  most  interesting  applications  of  the  mechanical 
power  sup{)lic<l  by  means  of  llie  rleelrie  motors  just  described 
that  wliirh  utilises  it  for  |MiT|ioses  of  locomotion,  whether 


7>/«  Et.tCTK«  CtfRKtUfT. 

in  thf  fiirm  'if  elcciric  laitw^ys.  Imm^ar^,  Uuticti< 
ulher  t\i  (1)L-  numiMO<i«  iik^iIi'nIs  lif  nhKli  |nfi'<. 
conveyed  from  (ilarc  to  |iUcc. 

For  many  leASoni  the  8U|)]>ly  of  the  itL-t-Lt^ac}'  i-iwn  ti« 
these  |itii|K>at;«  \n  the  Toini  of  an  cIccuk  luiTent  ha«  Mtcnl 

obvioiii  nd vim ia;;cs  over  ihc  use  of  o(1kt  kirnlK  «f  ) 

In  the  case  of  rai1wa]r&.  some  of  Ihu  nuiunces  .-illcmbnt  i<ii 
ibe  use  of  stenm  hme  been  met,  or  rather  minimised,  b| 
<'onfiningUwliicoi«<»live>Ioi|»crially<on»tnn  (  :V.vn 

whirh  nrdmury  ^rhiciilar  aixl  poilcsttian  it  .■;"'') 

«xrJude(L  Hut  iiotn  ilhsl jnding  this  jtBrlial  scclllMon  of  llK 
futnaoc  and  its  attend.inl  sm<»k<-,  ihc  sicnm  locnrr-ri-  -.: 
Ihc  lioM  a  tolerated  iiitiMnce  in  lowm  ami  lhii-kl\  ,  ! 

disiriris,  whiUt  all  of  us  n-ould  vnjoy  our  ntiln'iiy  in\<  i  < 
belter  if  ihc  air  of  the  numerous  tunnels  in  ceruiin  ;  .< 
of  the  countrj-  w«r«  imt  fouled  by  ihe  furnace  smoke 

The  3item(>ts  10  make  use  of  steam  on  ordinarj-  n 
hjivc  not   been   panicuiarly  successful.     Steam   ttan     . 
luivc  been  univcrMlly  condv-mned  as  unmitigated  nui»nm 
by  Ihc  residciitx  a\vMf.  ihe  line  of  route,  and  in  many  f  •  - 
luvc  had  to  cease  running  .ts  such :  whil>t  the  ttenm  tr.i 
engine  has  only  found  vet)-  limited  applications,  and  ibeae 
chiefly  in  coimlry  plncei^ 

Hut  wlien  ire  lum  to  i)»c  use  of  eledticnl  power,  all  tlie 
social  conditions  are  changed  as  if  by  magic.      P 
and  foul  air  disap|>car,  and  inxtead  of  the  pondi  i 
motive  we  have,  ut  the  vrorsi,  a  ijiectal  molar  eyj  attacfaci) 
to  ihc  train  or  tram-car.     In  many   cases,  moreover,  'he 
motors  are  attached  to  the  axles  of  the  vtrbiclc«  thciiudva. 
so  th.it  no  sc[i3ratc  engine  or  its  e'luirnteni  is  rcquin." 
the    clctlrically   pru)Krllc<l    vehicle    inoveii   along    m 
obeilieiKe  to  \\ii»  most  wonderful  of  the  servant*  that  man 
has  yet  subdued  to  minister  to  his  own  wania. 

In  dealing  wiih  the  a|^)lications  of  electric  mot' 
purposes  of  toeomolion,  we  cannot  «im)>l)  >  <tntine  oui 
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lo  doicribiiitt  tiow  tlic  |)owcr  is  iransin tiled  frum  ihc  nwior 
[shaft  in  the  wlu-i-ls  »i  itiv  vcIik'Ic,  bill  iiitiKt  tigmider  iltc 
wholr  sysli-m  uwrd.  and  mwv  fs|K-<:ully  liuw  ilie  ruiient  is 
'  supj>lii:<l  to  ihe  inotois.  Thiii  in  (lie  case  <>f  launches,  dog- 
IcorU,  iTin^rliK,  and  f.o  Toiih.  wtikh  do  not  run  upon  11 
I  specially  bid  down  and  rcstiirted  iratV.  ihc  source  of  ibe 
I  ciirreiil  niuM  olj^ioii^ly  be  c.iiricd  by  lh<;  itniveyiince  itself. 
[With  itiuti  ijin,  whose  coufm  it  restricted  to  ilic  rails  laid 
[down  for  them,  the  current  jjcneraiors  may  cither  be  carried 
^011  the  rar,  or  the  current  niay  be  supplied  from  a  ccnlrii) 
I  station  liy  nic.inf  nf  an  insulaicd  condurlor  which  folluvri 
bthe  i:i>iirse  uf  the  ini<k.  Pawing  on  to  ruiltrayK.  we  find  that 
I  to  Attain  ordinary  i>pee(K  the  elerlrie  po\rer  re<iuired  cannot 
I  al  ptescni  be  cconomicilly  obtained  through  ihc  medium  of 
[any  enncnt  genctaiois  c.iuicd  on  ihc  train,  and  that  this 
[)>Owcr  muit  tlieiefore  be  transmitted  lo  llie  inovini;  train 
[lhrnii);h  a  nuilable  conduclinj^  circuit. 

Owin^  to  0.  variety  or  causes  ckelric  traction  has,  during 
the  Ijisc  few  years,  made  much  more  ra;)id  progrws  in  the 
Unitetl  Suics  than  il  hat  in  the  United  Kingdom  or  in 
[  Etirnpe.  Nevertheless,  a  fair  amount  of  solid  (hough  quiet 
work  has  been  done  on  tMs  side  of  the  Atlantic,  and  such 
inslall.ilions  as  have  been  c.nricd  out  are  disiinguivhcd  by 
their  soundness  ami  thorough  11  ess.  In  selecting  examplcic 
from  the  great  (jusntity  nf  material  available,  we  must  follou- 
the  tMne  course  as  ik  did  when  describin;^  modern  dynanios. 
that  Is,  to  take  such  as  seem  most  suit.ihk-  for  our  general 
plan,  but  «c  musi  not  be  MipiMisid  iliereby  lu  condcnm 
systems  or  installations  which  are  left  unnoticed.  Up  to 
the  iwcseot,  electric  tram-cars,  or  street  railn-ays  as  (hey  arc 
called  in  the  Uniled  Slates,  have  perhaps  attracted  most 
Attention,  and  vh:ill  iherefore  be  dealt  with  hrxt. 

Eleotrio  Tram-cara.  Asjustpoinled  out,  the  electrically 
driven  uam-car  can  cither  carrj*  its  current  generators  with 
il,  or,  since  it  follows  a  dclinite  and  prescribed  route  from 
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which  it  cannot  deviatv,  the  nerc&Miry  current  mtij  U- 
bioiight  lo  it  liy  menm  of  cotHliiclctn  ithidi  rollow  Uic  Iiik 
of  Toiiie  fmm  end  to  nvd. 

Ill  ihc  fiisl  of  liwac  cases,  tliat  in  wliiOi  llic  car  i-»rn,^ 
its  own  More  of  ciicfg>',  il  is  i|mic  obvious  ihjt  ibt  ciiiniu 
must  be  gciimtcd  ]>y  dieniical  nKtbodx,  and  that  tl^iMtnin 
are  (Mil  of  ihc  i|iie«tton.  Tor  the  tniter  wmild  Tr<|tiirt-  lo 
drivi*  itiem  some  M>mi-c  of  lucchaniral  \Mmct  Mitli  a»  4 
steam,  gAs,  or  oil  vnginc.  Noir  a  htllc  ronvidcniJon  irtll 
show  th:it,  if  Mit:h  a  iirinie  mover  l»c  itoed,  it  n-ill  lie  Ui 
more  economical  lo  apjily  the  mectiJtnical  [lowcr  (;mctnl«il 
directly  to  the  object  in  view — ibii  is  the  i>fO(wilsioo  o(  ihr 
car— mhcT  ib.in  fjicc  the  incviuhlc  Ioasl-s  of  ihe  <l<>(i1>lr 
convencioit,  tint  of  mecliaiiicA]  into  electrical,  und  «eci>iktll, 
of  electricil  Iiack  jgnin  into  nwchanical  [wwcr.  Mwcovet, 
such  a  combin-ition  would  have  all  llic  disadvantages  of  the 
stcnm  locomotive,  with  a  few  others  incidental  to  itself. 

The  only  ntetlKtd,  dien,  []racli<-al1y  available  in  a  self- 
driven  electric  tramcar  is  thai  the  cunent  should  be 
generated  chemically,  (bat  is,  that  cilbei  piiniary  or  scconiJaiy 
batteries  i^hould  be  carrie<l  on  the  car  itself.  In  a  previous 
part  of  the  book  (i>.ige  64)  it  hax  been  shown  that  allhoU|;h 
the  ^ei»ration  of  Ihe  electric  cuirent  by  primary  battericst  it 
highly  efficient  when  regarded  as  a  mere  transformation  of 
energy  from  i.nc  fonn  to  another,  yet  practically  the  cost  •■< 
the  matcriatitat  present  a vaib hie  is  absolutely  prohibitive  for 
iiMJtisirial  purposes.  1'bis  consideration  limits  Ihe  choice 
still  ftirther.  so  that,  in  actual  practice,  sccondar)'  tiailcrics 
arc  ihc  only  rurrcnl  gem-rators  iti.M  at  all  satisfy  ibc  workinj; 
ctmditioiix  at  the  prvJeni  time. 

It  may  be  pointed  out  here,  before  proceeding  to  the 
consideration  of  details,  (hat  the  chief  icason   why   cars 
driven  hy  scondary  l«ltcric<  ran  enter  inio  ci-' 
will)  cars  diiven  by  other   methods,  is  thai  die  m 
batteries  derive  ihcir  store  of  energy  from  the  energy  ai 
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tKirning  fuel  as  uijifilicd  through  the  medium  o<  the  Ituilcr, 
sicjim  eitgiiw,  nnd  ilynamoA  ii»d  to  charge  lliem  Also 
that  when  tl»c  energy  stored  in  llie  lutleika  has  l>cen 
I'ractically  used  ii|i,  ihnt  t&,  when  tlie  batteries  aic  dis>:h.ii|;ed, 
itiey  can  obtain  another  supply  of  vner^y  from  the  same 
LJuniinerd:)lly  n-Wiomirjl  suurce. 

Secondary  Battery  Cars.— The  battcticis  uhkh  have 
Ik-ch  dcMnlH-<l  at  \y.\%i;  S5,  arc  I'liucd  undernealb  the  scaia, 
where  tiKy  can  \k  tguickly  chaDgcd  I'rum  the  uutside.     'Hie 
cdU  an:  msdc  of  specta]  shape  to  fit  the  recess  they  have  to 
(Hcupy,  and  ihe  pUtcs  and  acid  arc  contained  in  Icadlitinl 
buxeit  inMca^l  of  gints  ottes,  w)ii<:h  would  be  liable  to  be 
ifokL-n.    They  jre  joined  to)i;«tlit:r  iit  sections  whi<  h  At  tnio 
K]>uatc  uomjuirtmcDlX'     At  tlie  udeti  of  the  Utter  are  wttd 
co)>|m  contacts,  so  placed  tliat,  when  the  cells  aiv  s]id  into 
itio4i,  corrcK|)ondiiig  conlacts  on  each  surlion  nuke  firm 
nnet-tioii  with   live  car  i:onlacLs,  thereby  joining  up  the 
celb  to  the  circuits,  which  arc  under  tl»e  control  of  the 
driver. 

The  re|*)n«'«niciit  of  the  discharged  cells  by   ftcshly- 
charged  ones  can  be  cllected  in  a  lime  not  greater  than  that 

iK<)uired  U>  change  hornet  in  a  hune-car-    The  ear  it  run 
between  two  empty  shelves  placed  at  the  right  height,  and 
door«  Rl  its  Mdes  oi>cncd  exposing  the  batteries,  nbich  arc 
Igutikly  slid  on  to  the  shelves.     The  frrthly  charged  <:ell)' 
Biandtug  on  odicr  shelves  are  then  either  mited  or  lowered 
hydrauhcalty  to  the  |>roper  level  and  slid  into  theit  places, 
,  J     auiotnatirally  making  the  neccssat)-  conlncis  .1»  just  desi:Til>cd. 
HHin  some  cmvv  uttier  iiiel)H>dK  ate  ti.Ncd,  in  wh.rh  the  car, 
^Vgifti:r  the  tcniuval  of  ilie  di>cltarge<t  celU,  has  lu  Ik-  hauled 
to  another  position  to  leeeivc  the  charged  ones. 

The  next  step,  in  logical  se<i«en<-e,  wottM  be  to  describe 
I  the  electrical  ;uid  ine<rhan]cal  deiailx  of  the  tr»n>iniNsi(tn  of 
^nbe  cvrrenl  fiom  the  battery  to  the  motors,  and  the  arrangc- 
^^ment  of  the  latter  on  the  car.     These  details,  howcwr,  are 
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much  llic  same  in  |)Tinci]>1c,  wbvlhcr  ihv  currenl  n  ircncniK 
i}ii   ihe  (iir  or   brouglit   !«  il   l>)'  cilirrnal  nindiK 
will  be  tDore  conveniently  dealt  with  a/fvr  the  <i' 
of  the  vahouB   iiicthods  of  using  ciicrnal  ironduciork 
tilt  supply  of  iIic  clo'tTJc  encTKy, 

Hitt  litfoiv  Idving  iIk-  '(iicMioii  of  tcconiUfy  bniti-riai  or 
irain-car3,A  word  or  iwo  iiuny  be  Mtd  about  their  nclvjnik^n 
and  disad vanishes  as  compnicd  with  tlK  iival  xjMcins.  uf 
cotiTiic  the  one  gn-at  itdvanugi:  U  Ihc  aliolttion  of  the 
external  conduciont  nilh  their  heavy  firjt  <n*t  m.  ' 
coiii|)lio:itioni  nttendant  u)ioti  their  ukc  and  in.ii 
There  is  also  the  saving  of  the  energy  lovi  by  ihc  he:iiinj; 
of  these  long  condtietore  Mith  ihc  heavy  cuncnts  (hat  tun- 
to  be  lran.%n)iitcd  whi-ii  Inrgv  numbcnt  of  cara  nte  In  l>c 
(Irivfu.  Hut  agatd.ll  Uiis  saving  t!R-rt;  has  tu  he  m:I  ibc 
usually  greater  loss  of  energy,  consci|Ucnl  a|>on  the  doulife 
transroTmation,  that  has  to  be  faced  in  the  charge  aiul 
sulMe<(ucni  diM'haT>:c  of  Ihe  secoiubury  baliuie^.  1^11: 
greatest  tituwhacL,  however,  to  the  more  gi-itenti  use  u( 
secondary  batteries  f«  iramcar  propulsion  is  their  great 
weight  in  comjiatixon  with  ihc  eiier(|:y  which  they  slore,  ot 
))erha|n,  10  speak  more  accurately,  in  coinpariM^n  with  ihe 
electric  poner  which  they  tan  steadily  gtneratc,  or  whitli 
they  may  be  r.illnl  )i|>on  to  sup{>ly  in  lm)uent  einergcDdob_ 
This  heavy  <lead-wviglit  addx  enn-'udcmliljr  to  the  1<j 
weight  of  a  cat,  even  when  filled  with  piasscngerx,  nod  tbu 
increases  the  power  which  has  to  be  s]>eni  in  niotini;  ihj 
car.  Could  the  weight  oi  ttn-  Iwittne*  be  safely  r 
a  fractioti,  lay  even  onefounb  or  one  third,  u(  II1-.  . 
nerodiary  with  the  cells  as  at  present  made,  iben:  «« 
doubtless  Ik.-  a  wide  extension  of  the  use  of  wen 
baltericK  in  ihis  direction. 

Transmitted  Power  Tram -can—  Tbcsii-oncl  roeih" 
III  Mijipi)  iri^;  llic  ncccs^ry  eleclik  power  (o  the  mule 
the  tram-car  is  to  generate  tiK  electric  current  by  me^ 
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Nationar)'  engine;!  nnd  dyiiamoK  at  loinc  convenient  point 
pH  or  n<:ar  the  line  of  loulc.  And  to  convc)'  it  to  the  moving 
:  hy  fixed  conduclors  ninning  parallel  to  the  inits.  ^'Jtli 
F^ArcI  to  th«  )(en(.-t:ition  of  tl>e  cteciric  <-ufTi;nt  by  means  of 
lationary  i'ii|iii)e«  and  dynanuM,  sufficient  has  been  already 
nid  ill  the  ]"cvioiis  sections  of  ihc  l«Jok  to  give  the  reader 
fair  knowledge  of  the  |>rinci)iles  iiivolvi-d  and  of  (he  most 
iporUni  dvUiK  1*he  oui.itandinf;  diTerenecs  lictween  a 
central  station  for  the  iupiily  excltisivcly  of  clc>:iric  powcT. 
nnd  one  for  the  sti|)|>ly  of  electric  light,  arc  entirely  of 
Mrhnieal  interest.  Perhaps  the  one  point  that  may  be 
aentioned  Ik  that,  according  to  i)rt:ieiit  jn-nctice,  the  pncMure 
bl  which  the  irurtvnt  ts  delivered  to  the  mains  for  Iraition 
nork  IS  usually  from  400  to  500  t-olts, 
^_^  'I'nrning  now  to  the  mains  ur  eonductors  theniK'Iv-ex,  the 
^HcDcral  method  employed  b  to  carry  the  current  to  the 
^^potors  on  ihc  cars  by  a  single  intiilaled  conditrlor  or 
^H^'stem  of  conductors,  and  usually,  but  not  always  to  employ 
^^Bie  rails  on  nhieh  the  cnrs  run  for  the  return  con<luctOTS  to 
^BoiDi^ete  the  circuit.  As  Ihcse  tails,  bciri;  uninsulated,  arc 
J^gn  coaductm^  communication  with  ihc  earth,  part  of  the 
.  current  will  reliirn  through  the  earth.  In  fact,  the  raiU  and 
,  the  eanh  ate  condiuiun  in  jiaiallet  circuit  (»-<r  pOfse  18^) 
with  one  another,  »nd  the  current  to  be  traittmittcd  will  be 
^Klividcil  lielween  ihem  aicording"  to  the  ununl  rule,  that  is, 
^B'"^'^'^')'  **  l''*'r  re>[iw:tivt-  resituntes.  Some  of  the 
i  conKciiiJcnccs  of  ihia  division  of  the  return  current  will  be 
^^cferrcd  to  later  on. 

^B  Tlie  niettiodii  of  running  ihe  insulated  conductor  iniiy  be 
^Vdivided  into  two  chief  and,  from  a  constructive  stand|>oint, 
^Veiiwntully  diffeicni  classes-  This  rondiKtot  may  etlhcr  be 
overhead,  runnmg  alongside  Or  over  the  middle  of  the 
|lrack,  or  it  may  be  a  conductor  on  or  iti  ibc  groun<l,  but  of 
autsc  well  insulated,  t>el«'ecn  the  raiU.  The  first  niclI>od 
.  usually  referred  to  as  the  "  irolle)- "  system,  since  n  little 
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overhead  Uullcy  hm  to  he  Axa^td  along  ihe  wire  by  ihc  i 
so  08  lo  pick  uj)  till-  currcnl  from  Iht!  wire  liy  incaiti  ol 
sliding  or  Tulling  r.onud.  On  lino  where  the  tratTtc 
Iteavy  it  is  not  |KMsibk  to  nuke  the  ovcrlii.*^  wife 
sufficient  cruss  si-ciiun  10  carry  the  whole  current 
by  nil  tiic  cur^  thai  :irc  out  M  once,  siiKc  (Ik  ^  'fj 

copper  lo  be  8Upi>oi(e(l  would  l»c  loo  greai.     When  ihi* 
the  KMii.  nrntotired  c.ibles,  or  other  kinds  v\  ImHed  rundue 
tors,  aie  Utd  alongside  lUe  track  iind  i;vnne<:ted  to  the  ovc 
liciid  "  trolley  "  wire  at  suitable  "  feeding  "  puintSi  as 
arc  called. 

'lYic  Second  method  above  referred  (»  injy  alu)  l>c  Mill 
divided  into  iwo  rUsMs.  In  one  whidi  U  iii«i«t 
used  fur  urdiiutry  tram  lines,  tite  insiikii\Hl  4:ofx)u> 
in  n  conduit  bctwrecn  the  rails.  Tliv  upfwr  cover  ot 
conduit,  which  is  tlush  with  the  street  iMvemcnt,  is  slotle 
so  tlut  a  trailer  from  l\ve  a>.t  alMve  can  {wss  down  an 
tnalte  w>inc  kind  of  sliding  connection  with  the  insubb 
conductor  within.  ;Vno(hct  method  is  to  luvc  the  insubtc 
CQitductor  in  the  foicn  ot  a,  third  raU  between  the  other  two ; 
but,  for  ohvitius  reasons,  this  cannot  be  used  in  the  crowded 
slieets  uf  a.  town.  Its  use  Is,  tfacrclbie,  confmetl  to  us- 
rrcqucnted  country  ro«ls,  to  piers,  fUc.,  aJid  to  cnc 
tailnniys. 

Trolley  Lines.— As  aheady  explained,  the  dislin|;uisb- 
ing  feature  of  ihc  trolley  s)'stem.   and,  it    may  also  )m 
remaiked,  the  one  whirh  is  .-ilwayK  most  obliiisivcly  pron 
neni  lo  the  passets-by  in  the  ureeti   throuj{h  which 
lines  run,  i&  the  siout  overhead  copper  ittie,  ut  rud,  slun) 
from  pole  to  pule  along  lite  hue  of  route     The  cart 
worknl  eleLiric:itlv  ill  (uiaIIcI  '  with  one  another,  sa  iha 
the  current  at  the  genciating  end  of  the  line  at  any  in>l- 
is  the  WW  of  the  curreais  which  each  cm  in  nwlion 
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ikiDK  nt  tlut  inum<:ni.     Owtn^  to  the  hcav^  currvnU  whkh 
rc<|tiir«(l  by  carli  motor,  the  t  <»iv(Iii<:imn  wirt  rnnnol  be 
bf  the  slendit  ilinu-mions  of  an  ontiiiary  tdc;;ra|>)i  or  tele- 
hone  iivi-fhe^id  wire  :  for,  ihougli  such  a  wire  were  to  txny 
ihe  nc<:esviry  curreni  withoiii  fusing,  or  even  KCllint;  red- 
hot,  tiMr  fatl  of  ()ri-^M)iic  lAong  iIm:  tine  ilue  to  ih«  cumlrtncd 
ielTci^ts  of  its  high  resistance  and  the   lar^e  curreni  'would 
br  M>  greni  3.%  to  make  the  nhole  system  uneconomical  and 
Itnworkable. 
I     As  dreadjr  [tointed  out,  the  o»c  of  buried  feedert  tends, 
ftherc  the  mffic  ia  heavy,  to  diminish  ihc  size  of  the  over- 
liead  roiuhictor.     Hiit,  however  fre<:ly  fee^Icrs  may  be  used, 
the  irolte}'  wire  itself  is  bouiHl  to  l>e  of  an  iitiMghtly  size, 
and  hence  has  raised  up  a  ho^t  of  opponents  amongst  Uiose 
wltoK  w.itheitc  tastes  fen<i  thent  to  conserve  the  .imcniiy  of 
their  cilie^  or  towii^  at  the  ro^l  of  diuuQi^binK  the  facilities 
for  chenp  and  rapid  intra-uibao  transit     'i~hat  tlicir  ob- 
I       cctions  ore  not  altogether  far>ciful  will  be  adniillcd  by 
an)-<jne  who  has  had  an  oj>|>ortuniiy  of  i«eing  the  rtate  of 
I     Ihe    main    ttireet.i    in    many   large  town*  in   the    United 
■kales. 

^™  The  a^tpcarimce  of  a  tram-car  on  a  line  where  a  trolley 
wire  is  u.scd  is  shown  in  Fig.  551),  in  which  it  will  lie  noticed 
thai  (he  wire,  and  the  mail  on  the  top  of  the  car  by  which 
the  current  is  conducted  from  the  wire  to  the  car,  are  some- 
what prominent  objects.  Ilie  lurtieular  ear  illustTntcd  is 
one  u.sed  on  the  South  Smffordshire  sysitein,  which  was 
erected  by  the  Ktecttic  ConsttuetiiHi  Cot^ralton  some  two 
or  three  ycits  since.  The  line  for  the  (^calcr  pail  of  its 
length  tuns  nlot^  cotmtry  roads,  w  that  boihc  of  the  objections 
to  the  use  of  a  trolley  wire  in  towns  do  not  hold.  In  this 
^^a&e  the  wire  is  a  rod  of  nolid  copper  034  inch  in  diameter. 
^rPccdcrs  ate  freely  used  in  the  shajte  of  heavily  armoured 
cables,  burte<l  at  the  side  of  the  track  and  connected  to  (he 
lley  wire  ihr«U};li  suitable  fuses  at  halfniile  interr.ils. 
□  D 
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The  EU|>i>oi(ing  i>(»tt  arc  ixckX  raliiiiiRft,  wttti  fKUt  |iroj«ctiii|C 
arm*  rued  .it  .1  hrighi  of  alxMi  31  fixt  at>ov«  lh«  Tondwar. 


'I'he  non-«ngincering  miiul  t$  sonicliin<»  puulcd  JD 1 
tnf:  lo  ninkr  out  how  tiK  itoUcy  tan  |>u»  the  atiu* 
support   tlw    coiiducliiift    wiro.      Tlic    rr    — 
Koivcd  whvn  it  U  cxjilnim-d  that  the  irirt 
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tfi^fra  nrm.  ,iml  ■ln«  not  |«3ss  over  it  as  in  ihc  <'iim  of  llic 
familiiu  Ii-tc)-r3|>h  niiv.  Moreovrr,  (h«  tmlley  t-«n»Ms  of  a 
little  gunmdal  wtwd,  whkh  is  presied  liy  slronj;  st»Ttii(^ 
rimil)-  ag.ninst  tiic  /tKtvr  surface  of  the  vrite,  and  which 
tlietcfore  mn*  lf«:ly  iimk-r  the  cross-arm. 

To  ntake  th'a  cxfilanotinn  <]Uttc  clear  to  our  renders  we 


>'iK.jtek~Inw>*Kit  wwh  rtullty  Win.         Tif.  )!•. -SMin  (T  IiHduai 

give  in  l-'ig*.  360  to  36J  details  of  the  jifincipal  fKiits,  Fig. 
j6o  is  a  aide  view,  inrallel  to  the  wire  a  <i  of  the  insublor, 
as  it  hangs  down  from  the  i.u|)|H3fling  arm,  whilst  Fig.  361 
is  9  rriiM -sect  ion  at  right  angles  to  the  wire  of  the  samej 
insulator.  Il  u-iti  be  nuiiced  thni  ilte  wire  aaii  suppone 
by  *  kind  of  stimip  altaehcti  to  the  t>olt  11.  litis  bolt  is 
embedded  fimily  in  the  imiilaiing  niateriil  I,  which  fills  the 
in«ide  of  the  inverted  bronic  ciip  C.  and  this  cup  in  its 
nmi  is  Rrruly  c]am]>cd  to  the  projecting;  cross-arm. 
uu  3 
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Fi^ii.  56}  and  $b,\  hhow  ilw  ddaiU  of  the  top  anil  bullnn 
(rf  iJtc  ilexibk  niasi  whtcli  is  mltachctl  to  ihc  nt.     In  M 
5(11  lliL-  lulK-rs  C  nml  a  refer  (11  llii;  fanv:  {tans  nf  l)ic  inS 
siilntor  and  win:  an  in  Fig.  jbo.     Ilic  troltcy  whctl  \V|i 
made  of  KUn-meial,  and  ij  inches  in  diamelcr,  is  fi««cl  in  fl 


riR.  ^.— TnUtjF  Wbed  in  Coma  inlli  CobIkw. 


block  B,  irhich  carries  a  |Hn  j^  liiming  frcvly  in  a  supp 
■IS  shoirn,  on  the  to]!  of  the  mail  M.     1'hi:  Ioitct  i.-nd  uf  (hij 
majit  (Fig.  3^3)  is  jointed  -it  J  to  an  u(tfi^lit  rod  R,  «bic 
diopi  inio  a  hti]\i>v  jiost  fixed  10  the  roof  of  the  car.     An  m 
A  projecting  ftom  tln-^  •— 1  ■-■-r'  =.  one  end  of  the  «mBU 
spiral  9>pnnga  S,  the  01  lich  arc  tUtached  it*  tticj 
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FSSftl  M   .ir  Minw   little  *liit.-incc  from  Uk  joint  J.      Ttie 

nttixt  i.i,  iticix-lurt;,  .1  l(i»K  '*^*'<-'i'  *■*'>  very  unequal  anna,  Iho 

fulcmin  being  ai  J,  and  the  ]ml1  of 

the  springs  IxHng  brought  on  ax  only 

u  Ultle  distance  from  J.     Kn>m  the 

freedom  with  ii>'hit;)i  bulh  t)i<.-  tiiost 

and  the  trolley  wheel  are  iiiuunled. 
I  ihey  con  easily  rolluw  the  overhead 

win*  in  il^  varying  inmitionK  ret;i 
'  lively  to  the  t»|i  of  the  ■  ar.     'I'tie 

moM  is  alau  floMhlc,  iind  ihtrrefure 
,  !«|Hiitg,^  upwaid  uhtre  the  trolley 
<  wUc  i«  A  titlh:  farther  awjy  Ihnn  the 

avvfj|;e,  beitin  prwrtcd   tMck  ni^iin 

"here  tht:  wire  onre  more  ;\\i- 
iproochcs. 

There   arc  othi-r    ways    of    tic- 
|st]c»in|[  the  tn>lley  wtieelt  and  the 

flexible  nia&t  and  (heir  connections, 

but  tl>c  gcncial  principles  involved 

are  much  the  wme,  and  ihc  alwve 

example  will   |>erhaiB  he  .tuflident 

to  illuurate  iheni- 

Coniluit  Lines.— 1'hat  the  un- 

Mghtly  tntlley  wire  k  not  an  ab^oliilt: 

ncceHsiiy    ii    shown    in    Fij;.   .^64, 

which  ilhiMiaies  some  of  thi-  details 
lof  a  syilem  designed  by  Mr.  l.ove. 
land  first  used  un  tlu-  North Chiu^^o 

Street  Tiainways  .it  the  end  of  1 8<)  i  ■ 

In  byHtcmsof  this  type  some  kind  of 

covered  conthiit  or  trough,  in  wliirh 

th«  Iniulaicd  condueioc  or  con<lucioi!i  are  placed,  is  laid 

between  llw  rails  ibioughout  the  whole  length  of  the  tracJ:. 

The  upper  corcr  of  the  conduit  is  Hush  with  the  street,  Init 


JEL 


iSj.  ■  Lmm  tni  al 
rUaUt  Hni- 


;aft 


TVff  £/.ecr»ic  C'UKfmtr, 


is  dotted  {Nimllcl  to  llie  niilt,  w  that  HOtDi;  kinU  of 

arm,  pTojixliiig  from  unik'Tni-Jtli  i!ic  lar  as  i'  ''•m'^T 

slidi-K  in  ihc  slot  ntHl  in.ikcs  conitcclioii  uiili  i< 

within. 

Ill   F(g.   364   lite  Ciitllluil  cnnxi^tn   ni   11    itmjf   riiktJ 


■«v^ 


■■rX^ 


V 


tiough  I»eld  ill  |)liKc  by  stnyx  |icojcat>^  ftoin  the  rails 

cillicr  Bide.     Ttie  10|i  i-f  ttie  U:-. 

of  tti\\in\  ,s(w;l,  wxjcvigncd  lliAl  ' 

and  t(.i>iu<:Rl  whenever  ii  is  (uund  n-, 

conduit  for  an>'  ^iit|)OHe.     Tlu       ■   ' 

supiwrtcd  imidv  the  trniiijh  by  1 
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attached  to  brackets  nhitrti  project  from  either  side  just 
undcmenlh  the  sltcl  covers.  These  siwl  rovers  have  dccj* 
flan)c»  on  the  tA^Ki  next  to  th<;  slut  foi  ilie  j>iir]iose  of 
l>revcniin({  miscliit-vous  jivixudk  from  iaii)|ieiiitg  with  ihc 
n-iTca,  itliith  Are,  uf  eour»e,  baie,  l>y  (lokini;  slicks,  &c., 
IhrcHigh  iht;  hIo4. 

TIk  >li(t>n]{  conneilor  i>)'  wl)i<:li  |lte  cuntrill  i.t  ukeit  to 
and  rioin  iIk  cat  is  .iliown  Id  t)>c  it^vtc  detadied  rroiii  the 
enr  so  that  lltc  delatU  nay  be  iitorc  cleaily  seen.  The 
uptight  )ntl  V  romists  of  two  slu-ct^  of  mctnl,  insublcd 
rtont  one  anotlwr.  und  TeN)>et-ti^el>-  in  coiKliiciiiit:  com- 
inunicdtion  at  ilieir  lower  eridH  with  The  two  wliecis  which 
toti  undcrnc^ilh  ihe  condiKiors.  The  curteitt  pacing  from 
the  Hire  to  iinc  of  llirse  nliixls  iriivi-h  u|>  the  (fUlt  on  ilal 
Side,  pissa  through  ihc  motor  on  the  cir.  and  return*  (o 
Ihc  other  wire  by  ihc  pl.itc  and  wheel  on  Ihe  other  side. 

In  ihc  syWeni  jiut  lic^crilHrd  AVA  conductors  arc  in- 
itiilated,  litil  in  miiny  eotuluil  syxlcmt  thi:  lomltiit  t^ndiHL'S 
only  one  insuUtcd  conductor,  ifie  laila  ami  caiih  l>ciii)t  used 
to  com)i)ctc  Ihc  circuit  n«  in  the  IroUcjr  sy^ems.  'ITic 
tiwot  only  one  insulated  i> ire  simplifies  the  details  of  the 
system,  and  ctK'api'ns  tlic  cost  of  i-rtriiiuiciion,  hut  electric- 
ally it  is  much  less  perlect  than  thi;  xvx  of  l«o  wires,  and 
moreover  jn  uninsulated  retuni  jiaih  may  caiiitc  disturbances 
on  iteti^hbtiutiDf;  telegraph  ;iim)  iele]))M>nc  rircuiix. 

As  coiDitared  «iih  trolley  lines,  itie  conduit  lines  are 
obWouKly  more  coolly  to  lay  down  in  the  first  instance,  and 
ul.io  lu  mainLiin  in  ]in>|icf  vurkin^  oider.  l-'ur  [)k  conduits 
ate  liahte  lu  t>ecoine  choked  npwith  dirt  and  dust  from  the 
nwid,  3S  Well  as  to  be  filled  with  rain  water.  They  niusi, 
ihcrcftxe,  be  coniinually  un<lei  careful  Mipervision,  aitd  be 
cleansed  at  frinjuent  intL-rvaN.  To  dimiiitsli  the  cost  of 
matotenaiKc  to  some  extent,  conduits  have  been  devised 
with  »  Elexible  cover  fitting  over  Hk-  skil  .  this  cover  k 
lilted  by  the  cat  and  relai*!  again  as  il  jia-sscs.      In  any  cjse. 
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however,  (he  cost  of  kee]>inK  the  conduit  in  order  inuM  be 
a  serious  item. 

The  otIicT  iDcihod  of  lajiiv^  ihc  conductor  underneath 
the  car  intlvad  of  canjring  it  urcflicsd  is  (Mrll)-  illiikiraled  in 
Fif!-  i(i$,  which  sImwh  one  of  ihe  Klctiric  Triinvc.-ini  tm  ihc 
pier  ai  Soulltend.  In  this  iDethod,  as  already  cxftl.imcd,  a 
third  condticiing  rail  propcily  insublcd  is  laid  iMwccn  the 
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two  tunning  raiU  .ni  rery  nearly  the  same  IcvcL  A  ear 
hiush  attached  In  :in  iinn  |it<ijecliiig  Itum  I)h-  rar  rub^  on 
the  lop  of  this  rail  and  curiics  llie  lutrvnl  to  the  molor, 
wl>(.fKc  it  retums  1o  the  generating  »laiio«  try  the  ordirury 
rails  and  c^tnh.  Ariyoot-,  thiTcforc,  touchin)>  the  i 
rail  is  liable  to  rcteive  an  cleiuii:  fj>t>ck  ;  boi  (he  i-. 
accounts  of  any  occurretice^  of  tbU  kind  have  usually  j 
v«ry  highly  coloured.  Still,  the  inuouveniencc  k  vat 
to  restrict  the  use  of  the  method  to  cascit  where  the 
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iin  bs  comptetet;'  enclosed,  such  n.i   thai   Otown  in  ihe 
or  more  espCLiully  lo  lailwuys,  in  connection  with 
nhicU  more  dcUils  will  Iw  given. 

Wc  cannot,  however,  lean-  this  |iatt  of  the  sultjeci  with- 
out rercrrir^  tntHc  lul!)-  to  the  use  of  the  running  mils  nnd 
^ht  earlh  for  the  coini)Ielion  of  iho  rcltini  cin-iiiL  Such 
Um:  mtiM  give  rise  lo  bri^c  currents  in  the  earth  ;  the  {laths 
Df  Iheite  currents  r^innot  Iil-  restrit-ittl,  but  may  s|ireatl  ont 
a  coruiil«ralitc  diNtancv  from  the  line.  The  currents 
>y.  thcTcfoie,  6ml  tltetr  way  into  nei),'hlH)uiing  circuits, 
'.  if  the  latler  ,^rc  alw  ii'^iiig  eaiih  returns.  Where 
i!  •  ■  ■  uiw  are  already  ranying  h«vy  lurrcni*  no  jcriou.* 
ilislutbancc  neeil  he  a)»]>TclKnt)e<l.  lint  where  the  cttrrenis 
^Ht»cil  life  sinxll,  and  the  iniiltumenis  in  circuit  »re  dehcale 
^AneM,  >eriiiiiK  <:(mM.-i|tien4;e^  m.iy  enMie.  Thiin  tclcphcme 
^Kirctiits  may  be  rondorcd  eomi>klely  usckss,  bccauM  the 
^^HTet-ts  depended  upon  arc  produced,  as  we  have  seen,  by 
mlntile  vrariations  of  ihc  currenw  em|'lo)X'd,  and  ihew 
variations  will  l>e    comifleiely  masked   by  twn  a  sanall 

H fraction  of  the  tramline  current  passing  along  the  wtrr». 
pne  obvious  remedy  is  for  the  telephone  people  not  to  use 
in  earth  return,  which,  though  cheap,  is  objc<-ti(>i)i)>le  (see 
pjge  640)  from  other  jtoinls  of  view.  Bui  natunlly,  as  is 
Ihe  case  in  many  Knglish  towns,  a  leh-|)hooe  roin{Kiny 
which  tias  already  eslabhihed  a  cutui>lete  siystein,  working 
&itly  satisfactorily  will)  sonic  hundreds  of  circuits,  does  not 

Rke  to  have  all    its  cin  itils   rendered   inoperative  by  live 
{)|ieardt>cc^  of  a  hiler  comer  in  the  form  of  a  tramway  com- 
any.     'Ilie  (|ue:>tion  of  "Oicap   Traction  ivriwi  TX-fcctire 
'elephone  Systems"  is  therefore  alre.idy  ,t  burning  one, 
and  i»  hkdy  to  become  more  10  in  the  immedi-ile  future. 
Another  ulijcction  tn  llie  use  of  an  earth  rtlutn  for  heas-y 
jrrents  is  that  gas  and  water  pijics  into  which  the  current 
nds  its  way  may,  and  'lo,  become  corroded,  es|>ecially  ai 
joints  where  deeirolytic  action  is  set  U|x 
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Motor  Trn<kt  anH  CVw.— Having  slwjwti  how  the 
rent  may  l>c  l>roii£lit  lo  (li«  (.ir,  ih«  ncxl  imtni  U  to  Du 
clear  lion'  il  i»  used  ihewm.  'I'tw  (wiiiury  c>t>i«t  o(  Ui 
elc4:iiicnl  atrjiiKenvi.'nU  n  lo  (kus  (lit-  ciincm  through  t 
Riotois  which  arc  |>laccd  undotiicalh  ihv  fltwi  ot  the  c 
and  {{Hired  in  swnr  wxy  to  the  uxle  of  ihc  nninini;  whctk 
'Hk'  K()a<;«  .iv.iilnlilt;  lijr  thv  iitui(H>  Ik  very  liniil«l,  anit 
tlwiefore,  aittMUjjh  aity  ^ood  coniinuiius  cuirvm  dyiumo 
will  run  as  n  motor,  flficciaDy  designed  moiort  arc  rcquircil 
to  satisfy  the  itcciiliir  conditions.  Two  t>|H'f>  of  thc*c  h^iv 
ainady  licvn  di-Kcnbcd  isa^w  ;oi  lo  703  in  the  Mrtlion 
dtvoicd  10  motors),  andancv-nniitationiif  l-'igs.  354  ami  .{(5 
will  give  the  rcjulcr  «  general  idea  v\  how  ihr  niolur  u 
placed  bcRL-nlh  the  car.  In  cn<'li  l>j;urc  |ian  vi  tlw  ninniotc 
uxk  i»  ahown,  ftnd  Jl  wit)  be  n<4lced  tWt  ttic  iixic  cj""-^ 
|Kin  of  the  U'cighi  of  the  motor;  the  r^maimJcr  ot  U.- 
weight  i»  taken  u|>  by  an  allachinc-nt  cither  to  the  llnut  of 
the  car  a  hove,  or  to  3  boKie  frame  in  which  the  wlwie  of 
the  running  machinery  is  fived. 

One  ariangemcnt  of  the  motots  underneath  and  lunging 
from  the  llowr  i)l  th«  <uir  iit  shown  in  I-ig.  366,  which  lepn:- 
ient»  in  side  «kvaiioJt  and  plan  Ihu  poHiiion  ol'  the  moton 
as  designed  by  Mi.  Huhoyd  Smith  for  tlte  Bradford  clcirit 
Irani-cars,  In  this  case  the  shaft  of  ttK'  motor  ciriie^  j 
worm  wheel,  as  shonii  at  ^V.  which  gears  directly  into  a 
toothed  uheel  fi.\e<l  011  the  running  axle.  Tht  line*  •» 
«,ir,  of  the  anuature  axlci  tlicieforc  run  fore  and  aft  a* 
regards  the  car,  instead  of  tinnsv-ersely,  as  in  the  iiKjVf 
(ircviotisly  dcMribed.  Of  these  armaiuttn  ihctc  arc  |i."ir, 
but  iheie  arc  only  two  sets  of  beld-iua^nvis,  &I  and  M^. 
with  (lotc-pieces  at  either  end,  betwct-n  which  the  ormalurci 
levolvc.  The  arrangement  shows  how  ndapt.-thli-  ihi;  imn 
ciple<i  we  Itave  di»iti»ed  .ire  lo  ttic  speiul  e\ 

m-iy  ariu.-  in  ilteir  upplicalitHiv     It  maj  K'  , 

note  thai  with  a  brakc-tcat  the  owlors  and  gearing 
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ItoniliiiM-it  cllictvTK^  ai  6;  )>er  rent.,  which  is  an  exucmely 
IsaiisTactoi}'  result. 

Anoihcr  luctUod  of  altn<:hin^  the  motors  to  a  separate 

frnin«  on  vrhich  ihc  car  is  built  is  sltovm  in  l'"ig.  567, 

[wliich  tvi)n-«;ntit  a  "  Motor  Truck  "  very  witlely  tiled  In  th« 

Jniwd  SintcK.      I'Kc  arr;in£oitu:nt  of  iIk-  mulor^  ran  W 

ckar)y  seen,  as  well  as  the  tooihcO  gearing  by  which  the 
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fit,  )U.— Usil»MnHn  oT  iht  lfr).iri#>l  Iraisui^  ib<nrln|  llaHn, 
Silk  Ekvilisn.  uil  PUii. 

nio<<on  ol  the  arin^tun;  is  transmiiitxl  to  the  running  nxics. 
'Vhv  Tcduciioi)  of  ^Ki^l  is  ntatk  in  l<r<>  sie)u>,  RL-ferriti^  to 
thv  right-hand  motor,  it  niU  be  noticed  that  the  front  end 
of  iht  armature  axle  carries  a  ['inion  which  t;ciLrs  into  a 
l.irgi:  toother)  Kht.H.1.  'Ihc  axle  of  ihi?  vrliecl  {i;i-o»  between 
the  fietdnuignet  limbs,  aiid  in  it»  turn  canies  a  pinioi)  on 
the  other  side,  which  diiccily  engages  another  large  toothed 
heel  tixcd  on  the  running  axle.  ]n  thi«  way  the  high 
speed  of  the  aniiattire  i$  n.-dii<'i-t1  at  (he  ninniiig  axle  to  the 
inary  sixfed  uf  nitiilion  rc<|(iired  for  Irant-car  work. 
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H  Th«K  XK  iivjtriy  iitlicr  nays  in  which  ibv  })iotitcin  hxs  been 
^^successfully  suited,  hill  lliv  aliuvc  Iwo  cxaniiik-H  will  ^ivv 
^1  the  reader  a  jjooii  i<Ic3  of  ihr  i;ciii.'t.iI  licnd  of  the  solutions. 
^  llic  motors  and  thi-ir  cum  mil  Li  tors,  A:<.'.,  must  in  all 
casex  be  mi  ino(c4:(C4l  (hat  mii<l  <>r  dirt  <:AKnflt  gd  lo  thv 

I  running  |»ii(ts.  anO  cmlosc*!  so  that  when  necvtoiiry  a  hote^ 
can    lie  btoiighi    to   jilay   upon    ihcm    without   danger   ofl 
wimVvning  the  ckvtricjil  insulation  of  the  various  cirniics. 
Switcbiu;   Arrang«inentB.    i'eriiii;M  the  mom  in- 

I      tcrcMing  dcl.iils  in  coiinctlioii  with  iramcai  wotk  aie  tlic 

Inrrangenicnis  for  vwililiing  tin.-  ruitcnl  on  and  oiT  ihe 
motws.  Ceriain  wdl  lit linvd  and  ink-rt'sting  clccuit^l 
principles,  not  wcit  understood  by  tlve  ordinary  public,  have 
to  be  \<:\A  ricariy  in  view.  Of  ihc^-,  the  chief  is  the  fact 
that  ivhen  a  motor  ^tnnaiure  U  »la»ding  Mill  it  is  mcrdy 
a  dead  resistnwcof  copper  wire,  and  moreover  an  exiremel) 
low  rcsLttanre.  Con%ci|iK-nily  if  full  prcraurc  be  put 
directly  on  to  ibis  icsiitance  there  will  be  an  enormous  ( 
Bow  of  curreni.  since  the  mains  will  be  vtry  ne:itly  shfirt- 
circuited.  There  is  one  ad^-antage  in  ibis  heavy  cuirent,  in 
H  that  it  gives  a  maximum  torque  or  turning  effort,  which  it 
exactly  what  is  required  at  the  moment.  But  as  the  arma- 
ture Iwgins  to  tuni,  and.  almost  propoiiionally  to  the  «|>«.vd 
ai  any  lime,  a  iMck  t^M.I-*.  or  prcsi^ure  is  introduced  into 

•  the  ciri^uit  which  will  cut  dutrn  tlw:  current  and  eventually 
at  lull  speed  bring  il  lo  its  {wo[)er  value.     Hut  nhat  h  to  be 
done  during  the  interval   whilst  the  speed  i.i  below   the 
maximum  ^     Obviously  the  l.irge  current  above  rcfeired  lo 
I  cannot  be  allowed  to  (low,  lor  serious  conscfjuenccs  would 
ertainly  follow. 
'V\k  dilHciilty  is  parlially  met  by  using  scries-vrotiud 
{s<^  |<.ige  ii6),  that  is,  motors  in  which  the  field- 
net  circuits  ate  in  M.-ri«.  with  the  aminturc.     In  tliia 
[way  the  «nnaiiire  can  never  be  placed  as  a  single  resistance 
acrom  the  mains.     But  this  of  itself  is  not  sufficient     'i'hv 
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ftiither  arTangeincnia  dc|>ciii]  uivm  ihv  waj*  in  wblcli  tl 
elcctiic  i><>wi-r  Is  sin>]>li«l. 

In  accuiniiialor-ijis  the  ioitUI  pressure  nn  be  rvducc 
and  m  tlic  same  lime  a  larger  cam'nl  saTcly  sup]>ll«l  l>y 
■flitting  u|)  (h«  tiAtiery  into  s<s:iioiis  and   tniiitng   t) '  :■' 
seciiwts  in  )Kiti)ll«l  iiistcnil  of  in  wrin  {ttt  \^1x^t•^  (164  to  '1  <    < 
Acf^nliiif;!)'  i)m:  Nlailtnti  >>wiuJt  is  so  arranged,  ihji  tilicii 
ihc  cax  is  Et;inding  or  ninntng  slowly,  the  B«-ii(»its  arc  itic 
or  less  in  |»ra)lel.      A«  the  Kpecd,  and  therefore  the  I 
|)reisure  or  ihi-  molor>  increase,  lUc  »wili:)i  is  niowd  otcr^ 
|iutun(;  Ihc  seclioDS  more  in  scries  until  (inally  ax  ftill  s]h 
all  the  seciiottE  are  in  series. 

In  trolley  and  cundntt  line*  ihc  full  prrtmirc  !>  Amvf 
on  ihe  iniins,  to  that  Mlier  methods  miM  1>e  adojited 
reducing  ihe  jwessure  at  Ihe  armature  tcnniiwils  ai  low 
s|>ccds.  By  Tar  the  iiiO»t  ronvcnieni  it  to  Ukc  2  dead  wire 
retixtAnoe,  the  whole  of  which  is  thrown  in  at  the  inun 
xA  starting,  and  which  is  taken  out  of  circuit  in  sccikins,  hf ' 
moving  the  switch  8«  ihc  speed  increases.  The  method  it  _ 
»"cry  waitcrul,  as  the  dea*I  rfsist.incc  alisoriwi  the  eleclrie 
energy  l>y  turning  it  into  lical  winch  cannot  l>c  utilised,  though 
piro(>osals  Have  been  made  to  heal  the  car  with  it  in  winter. 

Where  there  is  more  lh.iii  one  motor,  an   .  ' 

regulation   for  varying  spcedi  ran  be  ohtninwl  !■;    , 
Ihc  motoni  in  scries  or  paralleL    Tbe  maximum  lumii 
cTott  is  rc<iuircd  wbcn  the  car  is  being  sinitcd  up  a  «rc 
k^a<licni,  and  from  tliU  to  running  friYly  down  the  strntj 
gradient  all   pOMihte   vurbliont   in   the  untount  uf  |<OWe 
demanded  may  t>c  experienced.    The  arrangcmcnis  pouibh 
with  the  motors  shown  on  Fig.  566  arc  diagrammatical  1 
represented  in  I'ig.  jfiS.     'Ihc  fint,  in  which  all  the  anr 
ttires  are  "  in  series,"  ii  for  ocdinary  running     Tbe  "  intc 
mediate  "  oonneaions  arc  for  heavy  lunninf;  or  easy  stanir 
wht'-   ■*--   -rmaturcs   are  put  "all   in   parallel'   for 
1m'.:  rk.     In  this  n-ny  Ihe  totAl  luniinii;  e/Tort  |ii 
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onli  lan  In;  varied  tlm>ii}i)i  wide  limits.  In  each  ruse  it 
should  be  noticed  thai  a  tc»&ta»ce  is  placed  in  scries  with 
Ihe  jtnnalur(.-s.  A  fiinlvcr  tcgiibtion  is  |)ossiblc  by  having 
the  lield-magitela  wo«i>d  in  scttioiw,  i\v\  cx)M\>\'mg  these 
up  in  various  ways. 

But  there  is  tltc  inlercsling  riueslton  of  "reversing."  A 
litlle  cODRideraiion  of  the  elclrO'miifjnciti'  |ihcniHi)ciU  u(k>ii 
wlii<:h  the  fiction  of  ilic  motor  depend*,  will  sli«w  that  a 
rererul  of  all  the  currents  will  not  rcA-eise  the  direction  of 
rotation  of  the  annaiure,  since  it  will  leave  the  inicraction 
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of  tliv  magnetic  fields  due  to  the  current*  in  the  aimaturc 
and  field- nta^inets  the  lanie  m  hefure.  The  reverting  swiUh 
has  thcielbre  to  be  arranged  so  that  it  reverses  the  current 
either  in  the  armature  or  in  the  fieki-magncts,  but  not  in  Iwih- 
[.a.stly,  ihtri-  is  the  [>in.''il)ilily  ol  usinj;  the  molort  .is  a 
brake  to  bring  the  ear  iiuiclcly  lo  rest.  To  do  tbi.t  when 
the  car  is  running  at  full  sjiced,  all  that  is  necessary  is  to 
first  switch  off  tlic  driving  nirrent  and  then  cither  short- 
circuit  the  iiinuiture,  which  may  tie  dangerous  Ifecau.sc  of 
its  toil  resistance,  or  close  the  circuit  throuj^h  a  suitable 
resistance.  In  cither  c«sc  the  armaiuTc  will  at  once  act  as 
a  dynamo  armature,  absorbing  mcchnnic^il  energy  and  con- 
verting it  intri  etc4'iri<-  energy.  As  the  nH'<:liaiiica)  energy 
used  is  taken  fnun  the  energy  of  the  moving  car,  t)ie  latter 
is  quickly  brought   to  test.    Of  course,  in  making  these 
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further  arran)t;einrn(B  dc|)cnil  Upon  the  wiijr  in  whicli  ihe 
dcciric  |iiiwer  'w  .iii]i|)Ui'il. 

In  atcumuUtoriats  ilie  iDtlial  jnnsiiie  can  be  rciluc 
and  al  (he  sjmc  lime  a  Ur^jcr  cuncni  safely  sup|ilicd  by 
Kplitlifif;  up  the  b.ittcty  into  sectiune,  aitd  joining  ilii-«i.- 
sectionn  in  inntllel  insic^td  of  in  •*ri^•^  (we  cage*  ft64  lo  Ui  ir  ■ 
Acrotilinh'ly  iIh'  sraiiinc  »wit(h  it.  ko  airnnKcd,  ih.ii  »hn 
the  car  is  standing  or  ninning  slowly,  il>c  sections  art  mun 
or  teas  in  panillcL  A»  the  speed,  an<l  iburcfore  the  bnck 
prCKtiire  of  the  tnoton  rm-reate,  the  switch  it  niovcil  oyer, 
pultiiiK  the  Heclions  more  in  series  until  firuilly  .11  full  H)<eed 
all  the  sections  are  in  series. 

In  trolk)'  and  eundtiit  Itncs  the  'nil  pninutL*  >■  alny« 
on  the  mains,  »>  thai  other  methoch  must  Ite  idopted  nl 
reduoinR  the  pressure  al  the  ani!;!iure  latninals  at  lu» 
S]>ccds.  l)y  far  the  most  ronvenicni  is  to  ate  a  dead  wire 
resistAnee,  the  whole  of  wliich  is  thrown  in  ■■  the  moment 
of  starting,  and  which  is  taken  out  of  ciicuit  in  se>:tio<u,  !'■ 
moving  the  switch  as  ilic  speed  increases.  The  mctln..!  is 
very  mslcrul,  as  the  dead  resistance  atisorbs  the  etcnnr 
energy  bytumir^;  it  into  heat  which  cannot  lie  utilu(e<l,  thi>U)^li 
prO]>onb  have  been  nude  tu  heat  the  cir  with  it  in  winter. 

\S'her»;  tlwrc  is  more  ilian  one  nionir,  an 
rej^ublion   for  varying  speeds  can  be  obiaiiicd  !>■    , 
the  motors  in  scrtes  or  inralleL     The  maximum  ttrroinjt 
cITon  IK  TiKiuired  when  the  car  is  being  started  up  a  steep 
gratlient,  and  from  this  lo  running'  I'rccly  down   the  same 
gradient  all   possiWc  VTiriations  in  the  amount   'tf  ixiixt 
demanded  may  Ix.-  experienced.     The  arrangements  jioi-wbli 
with  t)ic  motors  siiown  on  Fig.  366  are  diagrammatic 
represented  in  Fig.  3(18.     I'he  lirst.  in  which  all  Ihe  asmi 
tures  arc  "  in  series,"  is  for  ordinary  running     Thr  "  inirl 
HMdiatL- "  connections  are  for  heavy  running  or  ea' . 
whitsi  the  amuturcs    are  poi   "all   in   parallct 
bcaricsl  work.      In  this  way  the  tot.il  turning  efibri 
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ortl)  (M  111.-  viirk-d  iltmiiyli  wkIl-  tiiiiUt-     In  <m'\\  tutc  it. 
should  he  tiotked  ih;it  n  rcsUiaitcc  is  {>1a<-cd  in  ncna  with 
ihc  uniutiircs.     A  furlhcT  icgubtion  is  possible  by  having 
rho  lie l<l-ni(ig nets  wound  in    luxiions,  nnd  coupling  thuse 
up  in  vurioiis  ways. 

Ilui  ilii.li-  h  ilie  inlctcstinK  ijucsiinn  oi'  '■revcrsinjt"    A-, 
Mule  consideration  of  ilir  clcciro-magnciic  phenomena  ujitm 
whkh  ihe  action  of  ihc  motor  ik()endf,  wilt  show  that  a 
reviTsnt  of  all  the  ctirrents  will  not  Tcverse  ihc  directitm  of 
Total  ion  of  the  uniiaiure,  viiice  it  will  leave  Ihe  inicnictioD 
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nc-  itt-~  tliMnoiiniilic  AtmitvRwal  et  tiMor. 

the  magnflir  fields  due  to  the  currents  in  the  armature 
And  fieWmagnt-ls  ihc  same  a«  before.  'ITie  mrrtrng  iwi'/iA 
has  thereliirc  to  be  arranged  »<>  that  it  ruveneK  ihe  current 
eithei  in  the  arnwiurc  or  in  the  fitid-magneis,  but  not  in  both, 
Laslly,  then-  is  the  possibility  of  using  thi;  motors  as  a, 
brake  lo  bring  the  rai  i|ui<:kly  to  re^  I'o  do  this  when 
Ihe  car  is  ninninH  at  full  s|«cd,  all  thai  is  neccsaaiy  is  to 
first  switch  od  ihc  driving  citncnl  and  then  either  short- 
ciicuit  Ihv  armature,  whtch  nuy  be  dai^erou.t  liccauxe  of 
its  tow  resistance,  or  cIom  the  circuit  lhroui;h  a  siitubic 
re»stance.  In  either  case  the  armature  will  at  once  act  as 
a  dynamo  amiaiure,  absorbing  mech^inicAl  energy  tu^d  con- 
verting U  into  electric  energy.  A»  the  mechanical  energy 
used  is  taken  fiom  the  energy  of  the  ruo\'in};  car,  the  tatter 
is  iiuickly  brought  to  rcsL     Of  course,  in  making  these 
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cltuiKcs,  the  rH-lil  mnonclN  mIhiuM  \k  kcpl  k-nci^tieil  i 
tlwrefore,  u  si-rics  uottnd  mmur^  are  at  prcicni   alipo 
univcnally  employed  Toi  tiactiuii  work,  iMi  brake  act 
the  amuiurc  is  nol  rntiily  uliliscd. 

Electric  Railways.     I'lwlfrthii  \:< 
to  ri-lcr  li>  M  litnits  wliii  li  moic  nc.iily  .i 
iniporUiKc,  am)  lite  L')ui»c(ct  of  JUid  mi-lltod  oi  nnfk'l 
Ihc  inifK<.',  (o  lh«  (unctions  ofa  Ntraiii  (^'' 
the  more  lowly  iniiDwny.     In  the  Unit. . 
a]ipiicd  lo  Uw  inrjinetK  Inim-linc,  |>ii<vii1i-il  un 
clct'lfically.     These  glorilicd    iiani-lmcs   im- 
numerous  in  llieStnlcs,  but  of  tni«  ek-ctrir  r..' 
senae  in  whirb  rh«  ii-rni  U  «raplaye<l  in  < ' 
cootpara lively  few.     'Flic  two  diuscs,  l<< 
oikc  anotKer,  and  it  muKt  l>e  adtnilteil  tiut  n 
to  dran'  a  hard  and-fost  line. 

The  first  elcctrically-woikcd  line  in  tiicse  'ti.\ 
npproximnting  (o  a  "railway  "  was  tlic  l'i>rini*Ij 
ini)l-t  line  in  llic  n<wlh  of  Irelantl.     ThU  lin 
miles  long,  was  conUructcd  in  1881  under  II 
1)t.  Sicnwns  and  Mr,  1'raill.     The  sounx 
wulerrall  on  the  river  Itu.sh,  nhtch  is  uicil  (oi 
turbines  which  drite  llie  i^cm-ntin};  dyruuioi^ 
is  taken  to  a  raised  imulaiud  rail  of  T-inin 
iIk  running  rails,  from  which  h  is  picked  ui 
siecl  brushes  .ind  pasKd  on  to  the  niMors,  wlj 
by  the  iminsuUtcd  running  rails. 

The  alHn-e  line  U,  at  the  ben.  but  . 
The  work  of  heavy  electric  rnilwaj'  t 
United  Kingdom  «as  really  inaugurated  '- 
Ihc  City  anil  South  I^mdon   R.iiUav  in  N] 
Although  ituB  line  is  only  .jj  inJlt:»  lunij,  it , 
in  the  Kngtthh  sense  of  the  word.     'J"l>«  iiod 
stations  Willi  |>roperj)la''  '  !i 

raiU  anil  traclts  are  sini:  or 
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Rnch   Itatn   ix  ilr.-iKn   t>y  u  M-jKiraie  kxrotnotivc  x*  if 
nnlinui)'  railway  wtifking.     One  of  tliese,  U3>  i:oi)i>trucic>l 
Mrsus.  M.itlici  and  Pbtl  from  iltc  dcsifjiis  of  Dr.  Ilopkir 
«rjn,  IK  Khoun  in  Kig.  .('"j.     iht-  ^mi-ral  .irranKfitninl  ilirti-r 
from  ihal  whitli liat  been  itesothol  for immcir  work  in llui| 
the  motor  armalurn  arc  built  upon  the  axles  nf  the  rannirti 


fit-  jif Cilgr  ml  Sa«Ui  IjubIhi  Ekiinc  Lusaoiii*, 

uhvcis,  thiM  avoHling  all  gcnring.  wMi  its  cem  plies  lions  nr 
loss  of  ponvr.     Tin:  fit-Iil  nugncls  ore  very  inns%ive,  and  ar 
pUco)  in  an  inclincil   |H»i(ii>n  m  bhonn,  l>cinj;  su|>pottc 
\mK\y  by  the  'ratiK-  uf  the  locomotive-  aiHl  (only  by  tl^ 
wheel  axki.     The  motor*  ore  K-rict-wound,  as-is  nsiwl 
electric  traction  work,  and  n.-vcni:il  of  ihc  ni'tlion  '       ' 
by  mvtnis  of  a  sjitM:ial  bii'itch  whiili  rcscxuis  the  <  > 
iIk  aiiitatuii:,  leaving  Ibai  in  ihc  field- iii.-igni.i&  unL-han^nl.] 

hjtcb  locomotive  neiglu  nlwiil  lo  Ions,  and  rjiii  cxm 
tractive  pull  of  }.ooo  1|».  nh<.-n  runnin;t4t  a  tficird   of  r| 
miles   \Kt  hour;  at  this  spcoil   ibc 
n^vclutiitnii   per  minute     A   train  o 
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llirwr  cjini.iges,  rariying  .iljoiil  loo  josscngcie.  The 
carnages  arc  elairicatly  li};lin:il  by  (^loH-Unips  supplest 
with  <:urm>lfr»ni  ihe  puwer  tniiini.  Ii  is  curious  lootwcrw 
h»w  ili«w  biiips  suddenly  becumc  dim  uheit  rlie  niircnl  is 
first  suiichcd  on  to  the  motors  of  a  train  stniidinj^  Mill. 
The  cx|il3n;tllon  lies  in  ihc  phctiomcnii  |>Tcdously  refcirc^l 
lu,  namely,  the  iiIim-ikc  of  »  Xmck  presfiirL*  or  I^M.K.  in  the 
iUtioniiry  aimitiire,  am)  the  €onsei|uent  heavy  ruHh  of 
currcni  on  cl<«in(;  the  cirntit.  Notwilhsl:inding  the  inter- 
]H»itiun  of  rcsi^i^ni'ts  to  re<lu<:e  (he  clTc<:i,  the  current  lakeit 
ii  sufficiently  k'^'  '^  appcccijihiy  reiluce  the  potential 
diScTCncc  between  the  maiitB  at  the  poiiu  afTcttcd,  and  this 
rcdticcd  P.1>.  in  at  omv  sh^iwn  by  the  dimly  glowing  Imnps. 
A»  the  )i|Kred  iitcrcaw;*  and  ihe  l'.I>.  tesMmt-K  its  normal 
nine.  Ihe  hni]6  return  In  their  projter  Inillian^y. 

That  tlw  City  iind  South  l^mdon  KIcctric  Kailway  is  a 
popular  siiccesK  i.s  proved  by  the  fatt  that  it  carries  (>\ 
millions  of  [ttiscnpirs  per  .mnum-  During  the  busy  parts 
of  the  day,  morning  and  evening,  i6  or  17  trains  per  hour 
arc  run  in  i-airh  direnion,  the  total  number  of  train-miles 
per  antmm  Xx^'uxg  alxiuc  450,000,  at  a  innninf;  rc»l  of  6': 
|)«ni;ic  [)€r  mile.  Noiwilhstanding  these  evidences  ofxuccejo, 
the  dividends  .is  yci  |>atd  to  the  »linre!ioldcrs  have  not  been 

I  rcry  \at%e,  one  cause  probably  liring  lltat  the  liitc  is  entirely 
isolated,  and  has  no  traffic  coni>cctions  with  the  railway 
systems  of  the  couniry. 

The  other  example  of  heavy  railway  et(etti<al  engineer- 

I  in;  in  this  country  is  il>c  Livcq>ool  Ovcrt>cad  Railway,  a  line 

Lvhicfa  runs  for  ov«r  live  miles  along  the  hnc  of  docks  M 
Livctpwd.  As  will  be  »«;en  In'  refereiwre  to  Fig.  370,  which 
represents  one  of  the  slationv  this  line  has  alt  llu;  appearance 
of  an  ordinary  railway  line,  the  only  nouble  differrace.  at 
least  till  a  train  comes  into  sight,  Iwing  the  presence  of  the 

1  insublcd  third  rail  Ijing  between  the  other  two.     It  u-as 
opened  for  itaKic  in  March,  rSi^,}. 
V  V   » 
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't'hc  Uru.-  a  l>,iill  aTnKi«l  enlircly  of  iron  ni>d  i\tc\,  an<t 
coill!>i.ilM  of  nil  arclK-d  jiliiie  lUmrinj;  icMiii;i  on  main-gmk-rs 
wliiVlt  are  Mippnric'.l  l)y  v«rii<nt  •-oluiimii.  No  bnlb.tt  is 
used.  'Dicrc  is  one  sxin^'biid^c  which,  when  opcTicd, 
.1II11W5  shipping  to  |Mss  into  a  iknk  m\  the  land  side  of  ihc 
lint-,  nnil  tlwri;  ore  iilso  inn  or  thri-v  (illin^t  briil^vs  which 
can  \>t  raisi'd  m  aitow  of  the  piis^u^e  nC  siiccially  bulky 
iMfKc  acnifx  ihc  rand  hetnw. 

'riiL-  [lOwcT' slat  ton  is  (iKiccd  rtear  lite  centic  of  ihc  liite, 
snd  contains  four  cnmiiimnd  hori/ontjit  &tc.im  engines,  each 
ca|ut>lc  <)( giving;  400  hotse-power  at  a  ipced  of  100  re^olu- 
tiont  pef  minute.  1-lach  of  these  diive:s  liy  inean>  of  topes 
an  (-'IwclM'arkcr  dynamo  which,  when  running  at  a  s|>ccd 
of  400  n:v<>Iutiuns  per  minute,  cm  ^wk  a  lurtcnt  of  475 
ainpi-res  ai  500  voll*.  'flic  d)nann«  ate  shunt  wound,  and 
havcadoublcmagiictictirciiit^imilnitoiliatshonninKig  139, 
but  in  this  catv  itit  magnets  are  veiUcal  inMead  of  horiiontnl. 

[■Kini  the  dynaiiiot  the  cuncnt  is  Liken  to  a  n)ni|>le 
switdihoard  which  admits  of  all  the  dynamos  being  eoupk'tl 
togt-'ilier  in  jiarallet,  no  thai  if  rei^uired  a  cuneiii  of  %,*)oo 
ampi^rcs  at  a  pressure  of  50c  volts  could  be  supplied  to  ihc 
line :  but  with  twclic  trains  running  the  average  current 
rcipiiri'il  is  only  about  ;oc>  ampineti,  and  iW.  iiiri'\imum 
current  about  1,050  aropirca.  This  variation  in  ibc  cutrent 
is  due  lo  the  bi};c  current  required  by  a  motor  at  ihc 
momenl  of  starling,  as  already  t-nplained.  Th«  |)crrcntngc 
lii  variation  in  the  eurretil  taken  by  a  jxirticular  motor  is,  of., 
course,  much  greater  than  is  indicated  by  the  above  figures^ 
bat  since  all  ihc  trains  are  not  starting  nt  the  same  instajit 
the  percentage  varbtion  shown  by  the  ammeters  in  the 
jMWerhouse  ii  Kieady  reduced.  The  influence  i>f  the 
number  of  trains  in  smooihing  down  Ihc  varicition  is  curious 
and  tntcrcstiiig.  'llnU'  with  uven  tiainn  the  maximutn 
cntrcnl  is  roo  per  cent.  };ruatcr  than  titc  average,  whiUt  with 
twelve  frairis  it  is  only  50  per  cent,  as  above  given. 


IjfKKnWt    Sl.KCTKIC    RaILWAV. 


Trom  tlw   itowcr-hmisc   tho    iimi-ni   is    l.ilccn,   uiiliout 
M-dcn,  10  the  inNuUied  t.til  S  nhown  in  icction  in  Fi^  371 
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and  on  a  Urgcr  scalv  in  Fi^.  371.  Thit  uil  U  nia^v  of  a 
»)K;ciul  kind  of  slccl  which  has  hinh  conductiriiy  as  cunt- 
|ure(t  with  other  (jiialitics  of  slwl,  but  does  not  ai>proiM:li 


>t.  }i(.-$«MltiB>liO<rli«  l*aili>>n  tf  HM-Xail. 


coi>[ief  ill  tliis  respect.  The  ctoss -sectional  area  of  this 
cnndunur  is  (our  s(|U.irc  inches,  and  il  rests,  with  a  sheet  of 
lead  t.  inleipoxed,  on  {loicebin  instilalors  F,  supportetl  hy 


V^  Jiri.'-M'HmlHij;  mit^  Lnolluivn  at  )J<ll<iC4il. 


s|jevta]  cross-bearer*  B  and  C.  The  s|)ccial  tioi*  licaiots  are 
rendered  ncccssnr)  bixaiisc  the  ordinary  cross-sleopLTs  aie 
nnt  used  to  Nuppori  ilie  traflic  rail^  K  K,  «htch  arc  run 
fm  loii^ilitdinal  slcc|iufs.  a  )>y%ii-iii  uiginally  adviNiiiitit  by 
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Brand,  and  largely  iisot  on  the  Great  Western  Railway. 
Tlie  working  surface  of  Ilic  coii<]iicHir  is  »e\i;n-ci^lith!(  irf  an 
inch  uboi-e  tlx:  kvel  of  ihc  iiaDk  lails,  in  ordui  ttuic  the 
sliding  shuc  whidi  picks  up  the  cnncnt  msy  pass  stfcly 


%^    -■  ,  l-l ' 


over  the  \a.\\xt  «t  lh«  L-rotaing  ]K>inis.     'Hiis  is  nwobary 
because  tlic  Irntlic  mill  arc  usttl  lo  coni|>lcte  the  rctuiti 
rifcuit,  and  if  the  slider  ncrc  to  touch  l>otIi  at  tlii:  t.tnie  limi^' 
It  would  praitkally  shorl-citctiil  tti«  itj-unmos,  with  iliwKtnnu 


conse<)Uciiccs.  'I'o  diminish  ihc  rc»is|ance  of  the  iiisiiUlcfl 
conductor  (Ih:  jftinlt  nre  iiif(;fu1ly  l>rk)};cd  1>>  copptf  ^lip^ 
1  r  (l-^  373)-  '1**-'  ofdiiiaiy  tails  SS  also  being  c-lcclikally 
Jointed  loji^eilter  to  diminish  the  resistance  nt'the  reiutn|iaih. 
The  current  is  picked  itji  from  thf  insuUii-d  condmior 
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by  a  niAssive  cast-iron  block  or  shoe  l)iiig«(]  to  na  inttihivd 
support  carried  by  the  Imgic  frame  ns  rcprctcntod  in  Fig.  374. 
In  order  tlinl  the  hinge  may  noi  introduce  ic>islancc  into 
the  circuii,  it  is  electrically  btidgcd  by  the  »l)ort  ticxibk 
c.ibles  !thuwn  in  iho  figure,  l-'rom  the  shoe  the  ciirreni  is 
k-d  through  the  necnsikry  switched  ni>d  ti.-j[vilnling  re^i.stitoces 
lo  the  motor,  which  is  mounted  nn  the  simie  I^^^ii;  frame. 

llic  inolora  aie  sctieswouiid,  with  .i  drum  arnutiire 
built  u]K>Ji  the  ninning  axle  of  one  pair  of  the  liogit.-  whtcl* 
(Fig.  575).  The  (idd-Ringi)cts  .irtt  of  the  double  magnetic 
circuit  type,  and  arc  xlung  in  .t  horizontal  position  by  strong 
spiral  springs  from  the  framework  of  the  bogie.  A  s|tc«l  of 
one  mile  pet  hour  is  attained  by  ten  revolutions  of  the  axle 
'  per  niiniile,  m>  that,  when  the  train  is  running  at  30  miles 
per  hour,  which  is  the  maximum  s|ieed  required,  tlie  motor 
arniatiire  Ik  running  at  .too  revolutions  ])er  minute. 

P.'ich  train  mrries  a  motor  on  the  leading  and  the  trail- 
ing bogie,  but  for  ordinary  running  only  the  motor  on  the 
leading  bogie  is  used.  W  the  end  of  a  trip  the  driver 
changes  ends  uiih  the  guard,  and  switches  in  (lie  oilier 
motor  for  the  return  tri]>. 

A  train  consists  of  two  carriages,  weighing  40  lonf, 
and  capable  of  carrying  57  passengers,  with  through  con- 
nection from  end  to  end.  I'^arh  citriage  i.i  45  feel  long, 
and  is  sujijioiled  by  two  four-wheel  liojiies.  .At  present  the 
number  of  pasM^ngers  canied  is  about  five  millions  per 
annum,  and  out  of  46,419  trains  run,  n^  feuer  than  95'35 
have  been  up  10  linic,  a  record  dilficull  to  eijual  *>n  a  steam 
railway.  The  conlrulors  irhn  nnderlnok  the  woik  i;uar3n- 
teed  to  run  the  trains  at  the  very  ton  prit.e  nf  fouriiencc  per 
train-mile  for  two  years,  but  so  satisfactory  was  the  first 
year's  working,  that  Ihc  railway  ccmi^tany  at  the  end  of  it 
took  oiet  tlie  j>lant  anil  released  the  conlractois  from  tlicir 
gij.irjniec,  lieirtg  onvinred  that  llie  cost  had  been  brought 
ttcll  within  the  above  figuie. 


n 
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One  or  the  nto§t  intcreslitig  fotuies  of  the  railway  is 
llint  th«  signals  .ire  workiM  electrically  hy  the  trainii  them- 
selvoi,  so  ihitt  no  si|;n»lmcn  arc  reiiutred  ainiijc  ihe  linv. 
Each  Irain  curies  a  Milking  Itar.  which  ai-is  ii|kiii  •  diiUcIs 
pbli-cd  nt  the  side  of  Uic  Irack,  For  signalliii|{  piirjjosci  ihc 
line  is  divided  up  inlo  lox'ltons,  and  the  ronliicts  arc  so 
arranged  ihnt  when  a  Initn  teaveH  a  .lertiun  it  nutomiklirally 
&cls  the  sii;nalN  so  as  lo  Mock  thni  section  tinlil  it  lia&  itself 
passed  off  the  section  in  front,  in  doin^'  which,  it  again 
automat ioally  removes  the  block  previously  si^nnallcd. 

The  current  for  working  the  sigtuls  ix  Mipplicd  liy 
XconOory  batieiies,  of  which  ihctc  arc  two,  ronsisling  of 
37  cells  each,  at  every  station.  Of  thc^  two  l^ittciies  one 
can  be  used  for  working  [luqioses,  whilst  Ihc  other  iii  being 
charged.  There  arc  iwo  charging  circuits,  one  lor  the 
stations  to  the  noith  of  the  iiowvrst.Hion.  and  ihi:  other 
for  the  stations  lu  the  south.  All  the  stations  on  one 
ciicuit  are  put  in  series  for  charging,  so  tlut  the  full  pKi 
sure  of  500  volts  may  he  taken  direct  from  the  mnii 
switchboard.  'Xhc  stora^ie  kiUerks  also  »i]>|)ly  ctirrenl  for 
the  glow  tampw  nscil  for  li;;1iMn};  iht^  Maltuns,  and  alio  for 
tlie  glow  larups  io  tlie  signal  lanterns  In  the  latter  cas< 
there  are  duplicate  glow  lamps  in  each  lanicm,  so  that  if  one 
gives  iray  during  lUi;  nighl,  the  other  still  exbibits  the  Mgnal 

The  nwnifiild  advantages  of  the  elecuic  current  for 
railway  working  aic  well  exhibited  in  the  above  dcscrij.iion. 
To  bum  up,  not  only  does  the  trinrcnl  supply  the  |hjwct 
required  to  drive  all  the  trains  on  the  lines,  btii  it  also 
lights  u|i  the  Malionii  and  laniagcs  at  ni^hl,  and  woiks  and 
lights  up  ifiv  signaler.  In  the  latter  r.^se  sigiialmcD  are 
dinpensed  with,  and  each  train  nutomatirally  works  and 
clears  the  signaU  as  it  travels  along,  thus  rendciing  col- 
lisions ini|Ki&s)b(c  exce)H  through  gioM  carelessness  on  the 
|Kirt  of  the  driver  in  dtncganling  signals.  This  last  pos- 
sible source  of  danger  can  alMj  lie  ehuiiikated  l>)'  a  nictho<l 
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devised  by  Professors  Ayrlon  and  Perry,  in  which  not  only 
does  the  train  set  the  signals  against  the  section  Ijehind  it, 
bui  actually  disconnects  that  section  from  the  power  mains, 
so  that  if  a  train  should  be  carelessly  run  on  to  a  blocked 
section  it  would  be  powerless  to  proceed,  as  it  would  be 
deprived  of  the  current  which  drives  its  motors  until  the 
train  in  front  had  passed  on  to  the  next  section  but  one. 
Ali  these  varied  functions  of  the  current  are  fulfilled,  in  the 
cases  described,  by  currents  generated  in  a  single  power- 
station,  by  one  set  of  engines  and  generating  dynamos,  so 
that  the  skilled  attendance  required  is  economically  con- 
centrated in  one  place. 

The  success  of  the  City  and  South  London  and  the 
l.iver|>ool  Overhead  Klectric  Railways  has  led  to  the  pro- 
jection of  numerous  other  scheme?,  some  of  which  have 
already  obtained  Parliamentary  sanction.  It  is  therefore 
very  probable  that  the  next  few  years  will  witness  a  rapid 
development  in  this  form  of  locomotion,  especially  for 
inlra-urban  traffic. 

Telpher  Lines. — No  description  of  the  present  posi- 
tion of  electric  locomotion  would  be  complete  without  some 
reference  to  a  system  devised  as  long  a^oas  1 8Si  by  Professors 
Kleeming  Jenkin,  Ayrlon  and  Perry.  This  system  has 
received  the  very  appropriate  name  of  Telpherage,  and 
was  originally  intended  only  for  the  automatic  electrical 
transport  of  such  goods  and  merchandise  as  could  be  con- 
vt-niunily  divided  into  small  (luaiilitie.s  of  from  i  to  5  cwl. 
each.  But  it  is  manifeslly  applicable  to  still  heavier  work, 
and  b.ns  been  ^o  develo]ied  by  die  Sprague  Klertric  Railway 
and  .Motor  Company  in  the  United  States,  whilst  an  experi- 
mental tine  for  the  conveyance  of  passengers  was  erected 
and  worked  at  the  Edinburgh  lileclrical  Exhibition  in  1890. 

The  distinguishing  feature  of  the  sysleni,  as  originally 
devised,  is  that  the  trucks  for  carrying  the  goods  are  hauled 
by  an  eleitric  motor  along  an  overhead  sieel  rod  or  rope. 
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the  dertti<-al  amtngemenls  for  ilie  supply  of  energy  lieing 
siii*)i  ih.li  no  ilrivcr,  guard,  KiKnaliiian  or  altendatus  are 
ret(iiiri-t!  during  transit.  Eiicli  train,  a*  it  were,  takes  care 
of  itself  by  .-iiilomatically  blocking  ihc  line  behind  it  in  a 
way  already  referred  to  :is  W-'m^  jiossihlc.  I-'ig.  376 
is  taken  from  a  (ihutoj^raph  of  a  pan  of  a  Telpher  line 


tiji  (j^-TTk  1 


titotw!  fur  coiiimcieial  work  at  Ghnde,  tn  Susjfx,  ftlwut 
1884.  The  work  to  hv  tlonc  roiisivtcd  in  ';aiT)'ing  thy  for 
(he  Siiscex  I'oilland  remenl  Comjiany  for  a  (ti>tancc  of 
aboiii  a  mile  i<>  the  r.iiln-.iy  aiiost^  M>ine  (iH-adoH-!;,  whc-tc, 
for  various  reasons,  1  line  of  triclals  laid  on  ihc  groiind 
would  not  have  bixn  so  ad\-aDtagfoii«. 

Tile  line  con.iitled  ot  a  <lou)>le  set  uf  rtcci  rods,  ouc  for 
llw  "  ti|> "  aivd  the  other  for  lh«  "down  "  line,  Kiip[rffrli-d  on 
posls  AS  .thown.     The  rods  were  8  feci  ajuri,  nitli  a  spun  of 
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about  66  reel,  ai  a  hciglit  o(  iS  Icvl  ftom  (he  giouniL  llw  ■ 
Intn  «lMi«rn  consuls  uf  im  inKks  <w  ikijxs  lt>i:  eWlfu: , 
inuior  bciiij;  I'l.iccd  in  ilic  miililk-  erf  iln-  irain, 

The    :i)Mcin    l>y  whtrh  mrh  a    ir»in   U   Mipplietl   wllli 
elcririi:'  (mwcr  ii  cxrccdiitjily   mtcrcsting  and    initcnioiis.  j 
The  <:u(rciii  i«  lirouchl  tn  l)ic  mulof  liy  an  insubic*)  oon-j 
dnctor,  awl  likt^n  twick  U>   Oi«  KencTJlin^  sUilkvn  liy  mi  | 
uninsiibii-il  one.     Btii  iIk  whole  iMin  i>  (w  one  line  o{\ 
win.',  and  only  uiakcf  ctmUct  nilli  this  line.     I  low  iltcit  1« 
the  neccfiary  elecirlcjil  jtoienuiil  ilillvrentrc  maintAinwl  at 
Ihc  terminals  of  i1k  motor  ?    By   ttie   uniple  devii'c  ol ' 
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clcctiically  insnlalin):;  the  successive  spans  from  one  anotliw. 

and   making  them  atUrnaldy  |iorlioiis  of  tti«  luMitiw  uihI 

^negative  Mile*  of  i)k'  vlc<:ln<'  nslcin.     In  ntiori,  ttie  wirt^  in 

one  sjian  Wxw^  the  curieiu  to  tlic  motor,  and  ihc  nire  in 

the  next  L-ilccs  it  away.    To  do  this,  it  is  only  ncccAiiy  to 

LcrosBConnfCt  the  dtffcttnl  ipnns  M.  tlw  im^ls,  in  llic  iiiuiinvr 

^hown  in  the  .innexcd  ili^i^nini  (Ki^.  .i??}-     In  ihiH  iliii^rjini 

I)  tcpresenix  the  dynamo,  ll»c  jjositivc  jiolc  vi  wliicli  in 

connected  to  die  spans  A,,  Rj,  A^,   It,.  \i'. ;   nhilsi   iho  I 

n^aliw  ]>ole  is  connected  to  the  allctniilc  spans  B,,  A|, 

.B^,  Ap  i\x.     Two  wheels  on  CAch  train,  a  leading  wli«-1  I., 

'and  a  trailing  wheel    T.  arc  at  suih  a  dihtame  jijinri  iluil  | 

one  of  them  is  on  one  £|ian,  whtttt  ihe  other  is  on  the 

ndjacenl  «pan.    'Iliese  whceK  are  insulated  and  ronnected 

by  (--onduiitoiH  to  tlie  terminals  of  ihc  mutoi,  aud  ihuK  nhcn 

resting  on  socccisivc  s|Mn!i,  a  nirrent  |ia.-iWS  from  one  to 

the  othei  thtwiBh  Uie  motor.     Thus  ihc  rutrctil  for  the 
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train  l.T,  H'likh  is  invcIlinK  from  rijiht  to  left,  takes  ihc 
path  \)  A,  T  .\t  ].  .'V,  It,  bnck  lo  ihc  dyiianio  D,  whilst 
ilic  current  for  Iht-  train  I.,  '\\  iravclling  in  llic  oppotiie 
(liteciioii,  flows  in  the  etnuit  I)  Ai  Hg  L,  M,  T,  B,  A,  B, 
back  to  I).  The  Kains  arc,  therefore,  elcclricall)  in  parallel. 
There  is  a  short  sixirc.  nhcn  ihf.-  wheels  I.  ami  'I'  are  (uivsing 
the  [lOsls,  (luring  whirh  the  trnin  is  flepnvcd  of  current.  Inil 
its  inoiiientum  is  r|iiit«  «ullidcnt  loiarT)-  it  ]iast  these  points. 

To  prevent  thi-  s[k-C(J  t>ecoininf>  excessive,  llicre  is 
atta<;hed  to  the  motor  an  in^jenious  ecniiiriigal  j^veinor, 
which  hreak«  the  drruit  compk-tely  at  a  jne-amnged  s[)e«l. 
If  the  speed  ilill  fuitlier  increases,  :is  it  mi^lit  do  were  tlw: 
train  riinniDg  down  a  gmdicni,  a  centrifugal  brake  is  brought 
into  action  in  niodcTnlc  it. 

When  the  "anioioiilic  block,"  to  whkh  reference  has 
been  made,  is  used,  tlie  current  is  supplied  in  »  somewhat 
difTerfnl  mannt-r.  A  well  insulated  conductor  run*  along- 
side the  working  ix>ndiictor  on  nhioli  the  sliilin^  axitacts 
rest.  This  working  conductor  is  divided  into  short  sections 
insuUtcd  from  one  another,  and  these  sections  are  brought 
into  contact  with  the  continuous  wetl-insulatcd  conductor 
by  the  train  itself  as  it  pa^ea  .ilonf;.  By  usin^  apinopriaic 
elect roni.ignctic  devices  the  train  can  not  onl)  brjn^  its  own 
section  into  contact  with  the  "live"  conductor,  (mt  can 
dticonneirt  ihe  scriioit  nnmedialety  iK'hind  it. 

Electric  Launches.-  rramwa)^  and  lailwapi  by  no 
means  exhaust  the  successful  ap])licalioi>  of  electric  power 
for  purposes  of  lucomolioit.  Ondiiury  omnibuses,  dogcans, 
iHcjeles,  bunches,  Sic,  have  all,  frnm  time  to  lime,  bctm 
drii'cn  by  the  power  supplied  by  clcaric  currents.  Since  in 
ificsc  cases  the  vehicle  has  toratry  its  supply  of  energy  with  it, 
secondary  batteries  are  practic.illy  the  only  rurn-iit  generators 
availalih.',  and  the  remarks  previously  tnaili-  regarding  their 
excessive  weight  for  the  jxiwer  supplied  when  used  on  tram- 
ars,  apply  iiitli  mudi  greater  force  to  n>o£l  of  the  almve 
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»]>pHcations.  It  i>  tlM-TL-fuK  not  ni  :il1  turjiri^ng  that 
aiihoii^li  thf  various  [irolitvmx  hat-e  bc«n  succe^slully  solved 
e<(|terinK;tiUi11y,  ilic  commercial  soluiion  cannoi  yet  be 
re^Jirdcd  us  salibfactoty,  nn<)  ihcrcroxc  tltcsr  it |)|>i teal  ions 
have  not  yei  tome  into  ortlinary  at>il  ^eiK'rnl  lae. 

'Hiere  Ia,  however,  one  important  exception,  wlieie  a 
heavy  ilctd  wcij;hl,  tlioii(;li  unitcsirablt-  in  itself,  c>;cciit  ht 
ballasting,  is  not  .-in  insupcrahk-  olisi.iclc.  Iliis  is  vrlivn  the 
powct  is  eni|>l(>yc<l  to  (iropcl  Ikmis,  buix'hes,  or  mher  Mnall 
craft  on  rivers  ur  lakes,  or  in  ilie  sniooih  waters  of  a 
harbour.  So  aclvania);v<HiH  from 
tunny  (Kiini^  <»f  view  »  the  use  of 
electric  iiowcr  Tor  iwh  |)urpOM:s. 
that  it  has  Ik-coiiic  very  potmhr. 
and  ({uite  a  lar^^e  fled  of  elcclncntlj 
pmiwllwi  imall  craft  is  now  in  exisl- 
enee.  As  torajjarcd  with  steam  or 
oil-driven  craft,  ihcrc  is  an  entire 
absence  of  dirt,  noise,  heat,  and 
»mell,nnd  the<!e<:k  i«<jtiilefrec-aiH) 
clear  for  tlic  use  of  |inssenj;urs.  Tlte  groalent  drawlnck  is  that 
the  energy  Mored  only  MiHiccs  fora  ten  or  twelve  hours'  ran,  at 
the  end  of  which  lhccni(tbecomeidi^il>lcd  unless  a  charging 
current  is  available.  The  diflkulty  hin  l>c:tn  met  on  the 
Thames  liy  Ihc  eslablishMii.-iit  <jf  cliarjiinj;  stations  at  con- 
venient )x>ints  nlon^  the  lianks,  to  that  <juite  a  long  joiuney 
is  possible  on  this  river  En  an  eleririi:  kmnch  Since  an 
ordinaiy  charge  suffices  for  a  day's  run.  the  launch  can  be 
brought  ai  ni);htfall  lo  one  of  the  charging- stations,  aiu)  will 
in  iIk  morning  lie  ready  for  another  dajK  work. 

Tl>e  secondary  cells  iisetl  in  electric  laiinclics  are 
speei.iUy  constructed  for  the  purjiose,  to  (lut  they  can  Ik 
slourd  awny  in  ilie  si^cc  which  ran  l«  easily  provided  for 
llteni  liciU--aih  the  seals  and  tinder  the  de<;k  of  IIk'  launch, 
'lite  position  of  the  t>al(ery  and  niolor  in  an  eledric  launch 
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l>cluii;;ing  lu  Ihc  Kk-clricU  I'owc 
StiKAKL-  ConiiKUty  is  Hhown  1» 
.{78  antJ  .17<>-  'I1>c  Am  is  a  tiuM  sliif 
^(.Tiinn  or  ihr  t)iini;U  l<iolciii|;  iift^ 
;in(l  Khitu-»  (lie  rdlH  |ilflt:c(l,  Mimc 
\iiAni\  ll)f  •Ici.'l:  an<l  iithcfH  at  i)<e 
w\f.  iindcnicaUi  sentis  &c.  In  Itull: 
I'ositiofK  ihcy  arc  mil  of  ihc  wajr,'' 
and  (111  iiol  imorierr  wuti  ilic  unc  of 
itic  buncU-  Thd  second  ri(-utc  afj^in 
sli(in-3  (Ik*  (MsicKin  of  itic  cells,  tnii 
U  riirlh<:r  iiitcrt-tlin^;  .u  fthuwin^  Itiiir 
the  Diolur  »  directly  cuti|ilird  it> 
l)ie  Kcrcn*  shnfi,  am]  hon*  l1>c  wWc 
of  the  mAchinety,  rxoqjt  the  refund 
bling  awilcli,  in  stoweil  »ivay  out 
sijjliu  l(  may  hctc  be  rem-irkcii 
that  an  clenriir  motor  nfiartxttUen 
the  )i(0|it:r  kind  ■>(  motor  to  driv 
a  screw  projwllcr,  siucc  the  niotc 
.trmalurc  has  a  rotary  motion  and 
nm^  l>est  at  a  hijith  Kpttrd ;  it 
therefore  1>e  dirvdly  cuuplcd  to  ' 
|iro|H-lk-r  Aiihoui  the-  inicT>-cniion • 
^[■ci-dn-diicing  and  ]inwcr  waiting 
djear.  The  rej^ulntittg  swiieh 
arranged  to  cuufile  iJie  hiillcrtes  in 
variuus  way»  a«  may  be  rcijoired, 
and  nlso  to  icversc  thf  dircrtion  of 
iiilutiiiii  iif  the  motor  armature. 
Ilius  the  boat  is  completely  under 
the  (Oiiitnand  of  the  eoxin-ain,  who 
hiu  Ills  varinox  DuniroUtii{{  devjc 
all  within  caiy  rcath.  Thtie 
iiscil  in  all  iin  tliU  launch  fih 
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ca|Kiblc  uf  living  iS  ampbrcs  at  jo  voils.  And  ai  full  s]>c'c<I 
ihc  motor  running  -it  500  rvvoliilionii  per  ininuti'  wa»  nblv 
lo  drive  tix  launch  at  tlw  rate  of  ri|  miles  fwr  hour. 

Ol»r.H  AlTLlCAItONi  ov  Ewcinif  PowtcR. 

Spaci-  will  not  allow  us  to  give  dciaiU  of  the  very 
niim«roiu  .i|iiitii;.ilion8  of  ticctric  ji«wcr  l«  olliet  pui'po»cs 
than  tho«e  of  locomotion,  but  a  \-viy  biicf  niinmary  uf  th« 
jiHwt  impoftnni  of  these  may  prove  int«restiit|{. 

In  nearly  all  the  o{>cralioi)s  of  minillffi  electrically- 
Inin-iiiiitli'd  piwcr  is  <laily  l>i-ing  proved  10  have  many 
.ulviiiiia^es  ovei  oi)ier  ror[n.t  ol  povtcr.  It  <;an  be  usvtl  in 
tbe  fint  titbtance  for  /fnf/in/;  anit  tuMng  the  rwlc»  aitd 
mineral^  and  tSitn  for  /itiu/iu,i  them  to  the  has*  of  t!»e 
ftluflii,  whence  an  cicctrk  «iiidin);  engine  c^n  fi/t  ilieto  lo 
the  surface.  Moreover  the  puaifit  Utr  kccpii^  the  mine 
ulearof  water,  and  ihc/iwj  for  maintaining  tlie  vcntilalton, 
can  be  driven  electrically.  All  these  varied  operaiiom  have 
been  su<:cvssfully  rarcicd  oiit  in  pr.iclice,  and  a  rapid 
dcvelojuncnt  of  the  application  of  the  vlcctfic  ctirrcnt  to 
mining  rcijuiremenls  is  now  in  pro^ie^N. 

In  factories  and  workshops  (he  use  of  electric 
motors  for  dri*  inj;  K|Mr.iti-  mj"  liints,  in  groups  of  machines, 
that  are  only  put  in  motion  intermit  I  cully,  i«  in  many  ira»cs 
more  economical  than  the  use  of  long  lines  of  shafting,  and 
sometimes  of  subsidiary  steam  engines.  More  erpetialiy  li 
this  ihc  '.TV.-  where  the  motion  retpiircd  it  Totjuy.  as  in 
lalhc>  and  drilhng  machinu. 

ThCD  again  for  cranes  of  all  iciods  cIcctHc  power  is 
proving  itself  to  be  Ixiih  convenient  and  cconu1nic.1l,  and 
much  »ii>uriot  to  power  transmitted  by  rope$  or  long  lines 
of  xhaftiu);.  A^  a  aiKci.il  branch  of  this  jMrtii  ular  applica- 
tion ii  may  be  noticed  th:at  lifts,  or  elevatorg,  as  our 
American  cousins  aill  them,  in  liotcls  and  )>tivatc  houws, 
arc  easily  worked  by  electrical  power. 
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Our  t.idy  readers  may  alsu  be  iiitcrL-siccJ  in  learning  ihal 
BCWlDg  macUnwi  lan  i.-a«ilybc  drivL-n  by  small  dcclric 
[tiutors,  t-otiltullctj  l>y  ihc  inovmiicut  uf  a  little  twttcli  iilaccd 
wilhin  icach  uf  iIk-  worker. 


CONCUUSION. 

Here  wc  must  sto|).  A  full  list  of  all  (he  fuither  a\> 
I>Iicalion.i  of  tlu-  ekniiv  nitreni  would  |)turt:  lodious. 
Hnoujjh  lias  been  sxid  t»  stiuw  Uut  licrc  wc  luiii:,  if  lite 
btesl,  certainly  the  most  pliable  of  all  tite  servants  which 
mar  h;is  harm-^scd  for  liis  own  i«ir[io«s.  Wlictlier  we 
umsidcr  ihi.'  nij-^teries  which  Klill  iutround  llic  simplest 
actions  of  this  ubedicnt  sciv,inl,  mystcric*s  which  have 
defied  the  tearchin);  cmguities  of  the  siibikst  intellects  of 
wn  time;  or  turn  to  contemjilale  the  niaivellous  range  of  its 
activities,  from  iransmitiin;;  tlic  feeblest  uhisiicr  a  thoiiund 
miles  to  whirling  along  the  ponderous  ir.iin  on  a  railway  ; 
— the  human  mind  cannot  but  be  lost  in  wonder  and  aniaxe- 
ment,  atnd  must  feel  boun<l  to  confess  that  the  servant, 
though  willing  and  obedieut  beyonil  the  dreams  of  tlic  ]>oct, 
still  remains  more  niysteiious  and  elusive  tliaii  the  magi  and 
s|>iiits  of  the  Arabian  Nights. 
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